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PREFACE 

The  Elements  or  Hydrostatics  seem  capable  of  being 
presented  in  a  simpler  form  than  that  in  which  they 
appear  in  all  the  works  on  the  subject  with  which  I  aui 
acquainted.  I  have  therefore  attempted  to  give  a  simple 
explanation  of  the  Mathematical  Theory  of  Hydrostatics 
and  the  practical  application  of  it. 

Prior  to  the  publication  of  this  work  some  copies  were 
privately  circulated  with  a  view  to  obtain  opinions  from 
Teachers  of  experience  as  to  the  sufficiency  and  accuracy 
of  the  information  contained  in  it.  A  few  suggestions 
received  in  consequence  of  this  arrangement  will  be  found 
in  the  Notes  at  the  end  of  the  volume. 

I  am  indebted  to  several  friends  for  the  collection  of 
Miscellaneous  Examples  given  in  Chapter  viii.  In 
conclusion  I  have  to  express  my  thanks  for  the  favour 
with  which  my  attempt?^  to  simplify  the  course  of  Elemen- 
tary Mathematics  have  been  received  by  College  Tutors 
and  Masters  in  Schools. 

J.  HAMBLIN  SMITH. 

Cambridge,   1 8  70. 
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HYDROSTATICS. 

I 

CHAPTER   I. 
On  Fluid  Pressure. 

1.  Htdrostatics  was  originally,  as  the  name  imports,  the 
science  which  treated  of  the  E^-ilibrium  of  Fluids,  or  of 
bodies  in  equilibrium  mider  the  action  of  forces  some  of 
which  are  produced  by  the  action  of  fluids.  It  is  now  ex- 
tended so  as  to  include  many  other  theorems  relating  to  the 
properties  of  fluids. 

2.  A  fluid  is  a  substance  whose  parts  yield  to  any  force 
impressed  on  it,  and  by  yielding  are  easily  moved  among 
themselves. 

3.  This  definition  separates  fluids  from  rigid  bodies,  in 
which  the  particles  cannot  be  moved  among  each  other  by  any 
force,  however  great,  but  it  does  not  separate  fluids  from 
powders,  such  as  flour,  in  which  we  have  a  collection  of 
particles  which  can  be  moved  among  themselves  by  the  appli- 
cation of  a  slight  force. 

4.  A  fluid  differs  from  a  powder  in  this  way :  the  particles 
composing  a  powder  do  not  move  among  themselves  without 
friction,  whereas  the  particles  that  make  up  a  fluid  move  one 
over  another  without  any  friction. 

For  example,  if  you  empty  a  mug  of  flour  on  a  table  the 
friction  between  the  i)articles  will  soon  bring  the  flour  to  rest 
in  more  or  less  of  a  heap:  whereas  if  you  empty  a  mug  of 
water  the  particles,  njoving  without  friction,  run  in  all  direc- 
tions, and  the  whole  body  of  water  is  spread  out  into  a  very 
thin  sheet. 

s.  n.  1 
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5.  To  distinguish  fluids  from  powders  we  must  therefore 
make  an  addition  to  Art.  2,  and  we  give  the  following  as  a 
comi)lete  definition  of  a  fluid. 

1  )ef.  a  fluid  is  a  substance  whose  parts  yield  to  any  force 
impressed  on  it,  and  by  yielding  are  easily  moved  among 
themse'ves  icithout  friction,  and  also  act  without  friction  on 
any  surface  with  which  lliey  are  in  contact. 

This  definition  includes  not  only  the  bodies  to  which  in 
ordinary  conversation  we  apply  the  ternis  "fluid"  and  "liquid," 
such  as  water,  oil,  and  mercury,  but  also  such  bodies  as  air, 
gas  and  steam. 

6.  Fluids  may  be  conveniently  divided  into  two  classes, 
liquid  and  gaseous.  By  the  term  liquid  we  understand  an 
incompressible  and  inelastic  fluid.  In  reality  all  fluids  with 
which  we  are  acquainted  are  compressible,  that  is,  a  given 
volume  of  fluid  can  by  pressure  be  reduced  in  volume.  Still 
so  great  a  force  is  required  to  compress  to  any  appreciable 
extent  such  fluids  as  water  and  mercury,  that  we  may  regard 
them  as  incompressible  in  treating  of  the  elements  of  the 
subject. 

7.  The  inelastic  fluids  with  which  we  are -practically 
acquainted  approach  more  or  less  to  a  state  of  perfect  fluidity, 
but  in  all  there  is  a  tendency,  greater  or  less,  of  adjacent 
particles  to  cohere  with  eacli  other.  Tliis  tendency  is  stronger 
in  such  fluids  as  oil,  varnish  and  melted  glass,  than  in  such  as 
water  and  mercury.  Hence  the  former  are  called  imperfect 
or  viscous  fluids. 

8.  The  air  which  we  breathe  and  gases  are  compressiMo 
fluids,  and  are  endowed  with  a  perfect  elasticity,  so  that  they 
can  change  their  shape  and  volume  by  compression,  and  when 

he  compression  ceases  they  can  return  to  their  former  shape 
.nd  volume. 

9.  "Vapours,  as  steam,  are  elastic  fluids,  but  with  this 
peculiarity:  at  a  given  temperature  in  a  given  space  only  a 
certain  quantity  of  vapour  can  be  contained,  and  if  the  space 
or  the  temperature  bo  then  diminished,  a  portion  of  the 
vapour  becomes  liquid,  or  even  in  some  cases  a  solid. 

10.  Before  proceeding  further  with  our  subject  wo  must 
explain  the  meaning  of  some  technical  terms  which  we  sliall 
have  to  employ  frequently. 
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11.  A  Piston  is  a  short  cylinder  of  wood 
or  metal,  whicii  fits  exactly  the  cavity  of 
another  cylinder,  and  works  up  and  down 
alternately. 

12.  A  Valve  is  a  closed  lid  aflBxed  to 
the  end  of  a  tube  or  hole  in  a  piston,  open- 
ing into  or  out  of  a  vessel,  by  means  of  a 
hinge  or  other  sort  of  moveable  joint,  in  such 
a  manner  that  it  can  be  opened  only  in  one 
direction. 


c 


13.  A  Prism  is  a  solid  figure,  the  ends 
of  which  are  parallel  equal  and  similar  plane 
figures,  and  the  sides  which  connect  the  ends 
are  parallelograms. 

The  figure  represents  a  rectangular  prism,  in  which  each  of 
the  lines  bounding  the  surfaces  of  the  prism  is  at  right  angles 
to  each  of  the  four  lines  which  it  meets. 


14.  "We  shall  often  have  to  use  the  expression  Horizontal 
Section  of  a  tube  or  hollow  cylinder,  and  we  may  explain  the 
meaning  of  the  expression  by  the  following  example : 

Suppose  a  gun-barrel  to  be  placed  in  a  vertical  position : 
suppose  a  wad  to  be  part  of  the  way  down  the  barrel  with  its 
upper  surface  exactly  parallel  to  the  top  of  the  barrel:  then 
8ui)pose  the  barrel  to  be  cut  away  so  as  just  to  leave  tho 
upper  surface  of  the  wad  exposed :  the  area  of  this  surface  of 
the  wad  is  called  the  horizontal  section  of  the  barrel. 

15.  The  mathematical  theory  of  Hydrostatics  is  founded 
on  two  laws,  which  we  shall  now  explain. 

1—2 
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16.  Law  I.  The  force  exerted  by  a  fluid  on  any  S7irface^ 
with  irhich  it  is  in  contact,  is  perpendicular  to  that  surface. 

J  7.  This  law  is  merely  a  repetition  of  the  definition  of  a 
fluid  given  in  Art  5,  and  we  can  best  explain  its  meaning  and 
application  by  an  example. 

11  Ali  be  B,  cylinder  immersed  in  a  fluid  the  pressures  of 
the  fluid  on  the  curved  surface  are  all  perpendicular  to  the 


axis  of  the  cylinder,  and  the  pressures  of  the  fluid  on  the  flat 
ends  are  all  parallel  to  the  axis. 

Now  it  is  a  law  of  Statics  that  a  force  has  no  tendency  to 
produce  motion  in  a  direction  perpendicular  to  its  own  direction. 

Hence  the  pressures  on  tlie  curved  surface  Lave  no  tend- 
ency to  produce  motion  in  the  direction  of  the  axis,  and  the 
pressures  on  the  flat  ends  have  no  tendency  to  produce  motion 
hi  a  direction  perpendicular  to  the  axis. 

18.  Law  II.  Any  pressure  communicated  to  the  turf  ace 
of  a  fluid  is  equally  transmitted  through  l/te  whole  fluid  in 
every  direction. 

19.  A  characteristic  property  of  fluids  which  distinguishes 
them  from  solid  bodies  is  tliis  faculty  which  they  possess  of 
transmitting  equally  in  all  directions  the  pressures  applied  to 
their  suifaccs. 
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It  is  of  great  importance  to  form  a  con-oct  notion  of  the 
principle  of  "the  equal  transmission  of  pressure,"  a  principle 
which  is  applicable  to  all  fluids,  inasmuch  as  it  depends  upon 
a  property  which  is  essenlUd  to  all  fluids  and  is  not  an  acci- 
dental property,  as  weight,  colour,  and  others. 


20.  Suppose  then  we  take  a  vessel  A  BCD,  in  the  form 
of  a  hollow  rectangular  prism,  and  place  it  on  a  horizontal 
table. 

Place  a  block  of  wood,  cut  to  fit  the  vessel,  so  that  it  rests 
on  the  base  BG  and  reaches  up  to  the  level  EF. 


JS  0 


Then  if  we  place  a  weight  P  on  the  top  of  the  block  an 
additional  pressure  P  will  be  imposed  on  the  base  of  the 
prism. 

Now  suppose  the  block  to  be  removed  and  the  vessel  filled 
with  an  incompressible  fluid  up  to  the  level  of  EF. 

Suppose  a  piston  exactly  fitting  the  vessel  to  be  inserted 
and  a  pressure  P  applied  by  means  of  it  to  the  surface  of  the 
fluid  at  EF. 

In  this  case  the  pressure  P  is  transmitted  by  means  of  the 
fluid  not  only  to  the  base  DC,  but  also  to  ths  sides  of  the  vessel, 
and  if  we  take  a  uriit  of  area,  as  a  square  inch,  in  the  side  FO^ 
and  a  unit  of  area  in  the  base  BC,  the  same  additional  pres- 
sure will  be  conveyed  to  each. 
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21.     That  fluids  transmit  pressure  equally  in  all  direc- 
tions 1/uiybe  shewn  experimenlaily  in  IheJ'oUotcing  manner: 


ABC  is  a  vessel  of  any  shape  filled  with  fluid. 

Make  openings  of  equal  area  At  A,  B,  G. 

Close  the  openings  by  pistons,  kept  at  rest  by  such  a  force 
as  may  be  required  in  each  case.  Then  it  will  be  found  that  if 
any  additional  force  P  be  applied  to  the  piston  at  A,  the 
game  force  P  must  be  applied  to  each  of  the  pistons  at  B  and 
C  to  prevent  them  from  being  thrust  out. 

If  the  area  of  the  base  of  one  of  the  pistons,  as  B,  be  larger 
than  the  area  of  the  base  of  the  piston  A,  it  is  found  that  the 
pressure  which  must  be  applied  to  B  to  keep  it  at  rest  bears 
the  same  relation  to  the  pressure  applied  to  A  that  the  area 
of  the  base  of  B  bears  to  the  area  of  the  base  of  A. 

22.  From  the  preceding  article  it  is  clear  that  if  a  body  of 
fluid,  supposed  to  be  without  weight,  be  confined  in  a  closed 
vessel,  the  pressure  communicated  to  the  fluid  by  any  area  in 
any  part  of  the  vessel  will  be  transmitted  equally  to  every 
equal  area  in  any  other  i>art  of  the  vessel. 

It  is  owing  to  this  fact  that  the  use  of  a  Safety  Valve  can 
be  depended  on. 


If 


ON  FL UID  PRES .URE. 


Thus,  if  the  vessel  A  be  full  of  stear)  and  the  pressure  of 
*iie  steam  be  required  to  be  kept  dowu  to  200  tbs.  on  the 
square  inch,  if  a  valve  B,  whose  area  is  a  square  inch,  be 
placed  at  any  part  of  the  vessel,  and  be  so  loaded  that  it  will 
require  a  force  of  200  lbs.  to  raise  it,  then  if  the  steam  acquire 
an  increase  of  pressure  above  200  lbs.  on  the  square  inch,  the 
valve  will  open,  and  will  remain  open  till  the  pressure  of  the 
steam  is  just  equal  to  200  lbs.  on  the  square  inch. 

23.  Any  force ^  however  small,  may  by  the  transm,ission 
of  its  pressure  through  a  Jluid,  be  made  to  support  any 
weight,  however  large. 


Suppose  DE  and  FH  to  be  two  vertical  cylinders,  con- 
nected by  a  pipe  £H,  and  suppose  FH  to  have  a  horizontal 
section  much  larger  tiian  the  horizontal  section  of  DE:  for 
instance,  let  the  area  of  a  horizontal  section  of  FH  be  400 
square  inches,  and  the  area  of  a  liorizoutal  section  of  DE  be 
1  square  inch. 

Now  if  water  be  poured  into  the  cylinders,  and  pistons  A 
and  B  be  applied  to  the  surface  at  D  and  F,  whatever  force 
we  apply  to  A  will  be  transnntted  to  each  portion  of  the  base 
of  the  piston  B  which  is  equal  in  area  to  the  base  of  the 
piston  A. 

Hence  a  pressure  of  1  lb.  applied  to  the  piston  A  will  pro- 
duce a  pressure  of  400  lbs.  on  tiie  base  of  the  piston  B,  and 
will  therefore  support  a  weight  of  400  lbs.  placed  on  the 
piston  B. 

This  effect  of  pressure  by  the  medium  of  a  fiuid  is  often 
caJlod  The  Hydrostatic  Paradox. 
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Examples. — I. 


(1 )  In  the  experiment  described  in  Art.  23,  if  the  horizontal 
section  of  the  small  cylinder  be  1|  square  inches,  and  that  of 
the  larger  cylinder  64  sq.  in.,  find  the  weight  supported  under 
a  pressure  of  1  ton  exerted  on  the  piston  of  the  small  cylinder, 

(2)  If  the  horizontal  section  of  the  small  cylinder  be  li 
square  inches,  and  that  of  the  large  cylinder  240  sq.  in.,  find 
the  weight  supported  by  a  pressure  of  3  cwt  applied  to  the 
piston  of  the  small  cylinder. 

(3)  If  the  pistons  are  circular,  the  diameters  being  \\  inch 
and  50  inches,  find  the  weight  supported  by  a  pressure  of 
15  lbs.  applied  to  the  smaller  piston.  (N.B.  The  areas  of 
circles  are  as  the  squares  of  their  diameters.) 

(4)  A  closed  vessel  full  of  fluid,  with  its  upper  surface 
horizontal,  has  a  weak  part  in  its  upper  surface  not  capable 
of  bearing  a  pressure  of  more  than  A\  pounds  on  the  square 
foot  If  a  piston,  the  area  of  which  is  2  square  inches,  be 
fitted  into  an  aperture  in  the  upper  surface,  what  pressure 
applied  to  it  will  burst  the  yessel  ? 

(5)  A  closed  vessel  full  of  fluid,  with  its  upper  surface 
horizontal,  has  a  weak  part  in  its  upper  surface  not  capable  of 
bearing  a  pressure  of  more  than  9  lbs.  upon  the  square  foot. 
If  a  piston,  the  area  of  which  is  one  square  inch,  be  fitted  into 
an  aperture  in  the  upper  surface,  what  pressure  applied  to 
it  will  burst  the  vessel  \ 

(6)  If  the  horizontal  section  of  the  small  cylinder  be  Ij 

square  inches,  and  the  diameter  of  the  large  piston  20  inches, 

find  the  lifting  power  of  the  machine  under  a  pressure  of  I  ton 

exerted  on  the  piston  of  the  small  tube.    (N.B.    The  area  of 

22 
a  circle  is  —  times  the  square  of  the  radius  nearly.) 
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24.  The  pressure  at  any  point  in  any  direction  in  a  fluid 
18  a  conventional  expression  used  to  denote  the  pressure  on  a 
unit  of  area  imagined  as  containing  the  point,  and  perpendicu- 
lar to  the  direction  in  question. 

For  example,  if  the  whole  pressure  of  a  fluid  on  the 
bottom  of  a  vessel  is  2000  lbs.,  and  flie  pressure  is  uniform 
throughout,  then  if  we  take  a  square  inch  as  the  unit  of  area, 
and  the  area  of  the  bottom  of  the  vessel  is  40  square  inches, 

the  pressure  at  a  point  in  the  base  is  — ~  lbs.  or  50  lbs. 

25.  The  student  must  carefully  observe  the  distinction 
between  the  expressions  "pressure  on  a  point"  and  "pressure  at 
a  point" :  the  former  is  zero,  because  a  point  has  no  magnitude. 

26.  If  a  mass  of  fluid  is  at  rest,  any  portion  of  it  may  be 
supposed  to  become  rigid  without  affecting  the  conditions  of 
equilibrium. 

Thus  if  wo  consider  any  portion  A  of  the  fluid  in  a  closed 
vessel,  we  may  suppose  the  fluid  in  A  to  become  solid,  while 
the  rest  of  the  fluid  remains  in  a  fluid  state,  or  we  may  suppose 
the  fluid  round  A  to  become  solid,  while  the  fluid  in  A 
remains  in  a  fluid  state. 


27.  The  importance  of  the  principle  laid  down  in  the  pro- 
ceding  article  may  be  seen  from  the  following  considerations. 
The  laws  of  Statics  are  proved  ouly  in  the  case  of  forces  acting 
on  rigid  bodies.  Now  since  the  supposition  of  any  part  of  a 
fluid  becoming  solid  does  not  afiect  the  action  of  the  forces 
acting  upon  it,  and  since  we  can  in  that  case  obtain  the  efiect 
of  those  forces  by  the  laws  of  Statics,  we  shall  know  their 
eflTect  on  the  fluid. 
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28.  If  a  body  of  fluid,  supposed  to  be  without  weight,  be 
confined  in  a  closed  vessel,  so  as  to  exactly  fill  the  vessel,  an 
equal  pressure  will  be  exerted  on  the  fluid  by  every  equal 
area  in  the  sides  of  the  vessel  (Art.  22),  and  we  proceed  to 
shew  that  the  pressure  is  the  same  in  all  directions  at  every 
point  of  the  fluid. 

For  let  O  be  any  pouit  in  the  fluid,  and  AB,  CD  two  plane 
surfaces,  each  representing  a  unit  of  area,  i)assing  through  O 


and  parallel  to  two  sides  of  the  vessel  EF,  GH.  Then  drawing 
straight  lines  at  right  angles  to  AB,  CD  from  the  extremities 
of  AB,  CD  to  the  sides  of  the  vessel,  we  may  imagine  all  the 
fluid  except  that  contained  in  the  prism  ABNM  to  become 
solid. 

Then  the  pressure  exerted  on  the  fluid  by  the  area  MN 
will  be  transmitted  t^  AB. 

Again,  if  we  suppose  all  the  fluid  except  that  contained  in 
the  prism  CDSR  to  become  solid,  the  pressure  exerted  on  the 
fluid  by  the  area  RS  will  be  transmitted  to  CD. 

Now  the  pressures  exerted  on  the  fluid  by  the  areas  MN, 
RS  are  equal,  and  consequently  the  pressures  on  .AB,  CD 
i\ill  be  equal,  that  is,  the  pressure  at  the  point  O  is  the  same 
in  all  directions. 

Also  since  the  distance  of  the  point  O  from  the  sides  of  the 
vessel  is  not  inv()lve<l  in  the  preceding  considerations,  it 
follows  that  the  pressure  is  the  same  at  every  point. 


CHAPTER  II. 

On  the  Pressure  of  a  Fluid  acted  on  by  Gravity. 

29.  In  the  preceding  chapter  we  considered  the  conse- 
quences that  result  from  the  peculiar  property,  essential  to  all 
fluids,  of  transmitting  equally  in  all  directions  the  pressures 
applied  to  their  surfaces. 

We  have  now  to  consider  the  effects  produced  by  the 
action  cf  gravity  upon  the  substance  of  a  fluid. 

30.  The  student  must  mark  carefully  the  distinction  be- 
tween force  applied  to  a  surface  and  force  applied  to  each 
of  the  particles  composing  a  body.  As  an  example  of  these 
distinct  forces  consider  the  case  of  a  book  resting  on  a  table. 
Force  is  applied  to  the  surface  of  the  book  by  the  table,  and 
thus  is  counterbalanced  the  force  of  gravity  which  acts  upon 
each  particle  of  which  the  book  is  composed. 

31.  All  fluids  are  subject  to  the  action  of  gravity  in  the 
same  way  as  solid  bodies.  Each  particle  of  a  fluid  has  a  tendency 
to  fall  to  the  surface  of  the  earth,  and  in  a  mass  of  fluid  at  rest 
there  is  a  particular  point,  called  the  centre  of  gravity,  at 
which  the  resultant  of  all  the  forces  exercised  by  the  attrac- 
tion of  the  Earth  on  the  particles  composing  the  fluid  may  be 
supposed  to  act. 

32.  The  term  density  is  applied  to  fluids,  as  it  is  to  solid 
bodies,  to  denote  the  degree  of  closeness  with  which  the  parti 
cles  are  packed. 
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When  we  speak  of  a  fluid  of  M/^(/brm  density,  we  mean  that 
if  from  any  part  of  the  body  of  fluid  a  portion  be  taken,  and  if 
from  any  other  part  of  the  body  of  fluid  a  portion  like  in  form 
and  equal  in  volume  to  the  former  portion  be  taken,  the 
weights  of  the  two  portions  will  be  equal. 


33,  If  a  vessel  bo  filled  with  a  heavy  fluid  of  uniform  density 
the  pressure  at  every  point  in  the  interior  of  the  fluid  will  not  be 
the  same,  because  the  pressure  which  results  from  the  action 
of  gravity  will  vary  in  magnitude  according  to  the  position  of 
the  point  m  tho  containing  vchsc). 


Consider  a  closed  surface  of  small  dimensions  containing 
the  point  A^  and  suppose  the  fluid  outside  the  closed  surface 
to  become  solid.  The  fluid  within  the  closed  surface  will 
exercise  pressure  against  the  surface  at  every  point,  and  these 
pressures  will  be  unequal,  because  the  fluid  is  acted  on  by 
gravity.  But  we  may  conceive  that,  if  the  quantity  of  fluid 
within  the  surface  be  very  small,  the  difference  between  the 
pressures  at  different  points  of  the  surface  will  be  very  small, 
and  when  the  surface  is  indefinitely  diminished  the  pressures 
exercised  by  the  fluid  at  each  point  of  tho  surface  may  be 
regarded  as  equal,  and  tho  weight  of  the  fluid  may  be  neglected. 

Thus  wo  can  consider  it  as  the  case  of  a  weightless  fluid 
and  apply  the  conclusions  of  Art.  28. 

Hence  all  the  planes  of  e<iual  area  which  can  be  drawn, 
passing  through  the  point  A  and  not  extending  beyond  the 
small  surface,  may  be  considered  to  bo  subject  to  equal 
pressures. 
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So  we  conclude  that  in  a  heavy  fluid  of  uniform  density 

(1)  The  pressure  will  vary  from  point  to  point 

(2)  The  pressure  will  be  the  same  in  all  directions  at  any 
particular  point. 

34.  We  have  next  to  consider  in  what  way  the  pressure 
varies  from  point  to  point  in  the  interior  of  a  fluid  of  uniform 
density  when  it  is  in  equilibrium,  and  first  we  shall  shew  that 
the  pressure  is  the  same  at  all  points  in  the  same  horizontal 
plane. 

Let  A  and  B  be  two  points  in  the  same  horizontal  plane  in 
the  interior  of  a  fluid  of  uniform  density. 


Imaf^ine  all  the  fluid  contained  in  a  small  horizontal  cylin- 
der, of  which  AB  is  the  axis,  to  become  solid. 
Then  the  forces  acting  on  the  cylinder  are 

(1)  The  fluid  pressures  on  its  curved  surface)  perpendicular 

(2)  The  weight  of  the  cylinder  j  to  the  axis. 

(3)  The  fluid  pressure  on  the  end  A\         „  ,  ,    ., 

/  X  m,     «  •  1  .  ,   .  >  parallel  to  the  axis. 

(4)  The  fluid  pressure  on  the  end  B) 

Of  these  (1)  and  (2)  have  no  tendency  to  produce  motion  in 
the  direction  of  the  axis  (Art.  17). 

Therefore,  since  there  is  no  horizontal  motion, 

fluid  pressure  on  end  A  =  fluid  pressure  on  end  B. 

And  since,  the  ends  being  very  small,  the  pressure  at  every 
point  in  each  end  may  be  regarded  as  the  same, 

prcssuic  at  point  A  =  pressure  at  point  B. 
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o5.  77t<?  pressure  at  any  point  'tcithin  a,  heacij  iiwldstie 
fluid,  not  eu-posed  to  external  pressure,  i.^  jiroporliniial  to 
the  depth  of  that  point  below  the  surface  of  the  Jiuid, 
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Let  P  and  Q  be  two  points  at  different  deptlis  below  the 
surface  of  tlie  fluid. 

Suppose  two  small  equal  and  liorizontal  circles  to  be 
described  round  P  and  Q  as  centres. 

Then  suppose  the  fluid  in  the  two  small  vertical  cylinders 
PA,  QB,  extending  from  the  bases  P  and  Q  to  the  surface,  to 
become  solid. 

Now  the  forces  acting  on  the  cylinder  PA  are 

(1)  The  fluid  pressures  on  its  curved  surface,  all  of  which 
are  perpendicular  to  the  axis. 

(2)  The  weight  of  the  cylinder  \ 

(3)  The  fluid  pressure  on  the  base  P] 
Of  these  (1)  has  no  tendency  to  produce  motion  in   the 

direction  of  the  axis  (Art.  17). 

Hence  since  there  is  no  vertical  motion, 

fluid  pressure  on  base  P  =  weight  of  cylinder  PA. 
So  also,  fluid  pressure  on  base  Q  =  weight  of  cylinder  Q/3. 
Hence 
pressure  at  point  P  :  pressure  at  point  Q 

::  pressure  on  base  P:  pressure  on  base  Q,  (Art.  24.) 
::  weight  of  cylhuler  PA  :  weight  of  cylinder  QB, 
::  length  of  PA  :  length  o{  QB  (the  bases  being  equal), 
::  depth  of  P  :  de[ith  of  Q. 

Cor.     If  i)ressure  at  /'  =  f)rcssure  at  Q 
depth  of  P^  depth  of  Q. 
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The  pressure  of  the  atinosphcro  on  the  surface  uf  the  fluid 
is  not  taken  into  account,  but  we  shall  shew  hereafter  how  it 
affects  the  pressure  at  a  point  in  the  interior  of  a  fluid. 

36.  The  surface  of  a  heavy  inelastic  fluid  at  rest  ii 
horizontal. 
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Let  A  and  B  be  two  points  in  the  same  horizontal  plane 
in  the  interior  of  a  heavy  fluid  at  rest. 

Suppose  the  fluid  contained  in  a  small  horizontal  cylinder 
of  fluid,  of  which  AB  is  the  axis,  to  become  solid. 

•    Then,  fluid  pressure  on  end  A  =  fluid  pressure  on  end  B 
(Art.  34),  and,  since  the  ends  are  equal, 

fluid  pressure  at  point  A  =  fluid  pressure  at  point  B. 
Hence  A  and  B  are  at  the  same  depth  below  the  surface 
of  the  fluid  (Cor.  Art.  35),  and  if  we  draw  AC,  i?Z>  vertically 
to  meet  the  surface  in  C,  D, 

AC=BD, 
also,  ^  C  is  parallel  to  BB ; 

.-.  CD  is  parallel  to  AB  (Eucl.  i.  33): 

. .  CD  is  horizontal. 

Similarly  any  other  point  in  the  surface  may  be  proved  to 
be  in  the  same  horizontal  plane  with  C  or  D ; 

.'.  the  surface  is  horizontal. 

37.  The  proposition  that  the  surface  of  a  fluid  at  rest 
is  horizontal  is  only  true  when  a  very  moderate  extent  of 
surface  is  taken. 

Large  surfaces  of  water  assume,  in  consequence  of  the 
attraction  exercised  by  the  earth,  a  spherical  form. 


ON  THE  PRESSURE  OF  A  fiLUTD 


The  following  practical  results  are  worthy  of  notice: 

(1)  All  fluids  find  their  level.  If  tubes  of  various  shapes, 
Bonie  large  and  some  small,  some  straight  and  others  bent,  be 
placed  in  a  closed  vessel  full  of  water,  and  water  be  then 
poured  into  one  of  the  tubes,  the  fluid  will  rise  to  a  uniform 
height  in  it  and  all  the  other  tubes. 

(2)  If  pipes  be  laid  down  from  a  reservoir  to  any 
distance,  the  fluid  will  mount  to  the  same  height  as  that  to 
which  it  is  raised  in  the  reservoir. 

(3)  The  sui-face  of  a  fluid  at  rest  furnishes  a  means  ot 
observing  objects  at  a  distance  in  the  same  horizontal  plane 
with  a  mark  at  the  place  of  observation. 

38.  We  have  seen  that  in  an  inelastic  fluid  at  rest  the 
pressure  at  any  point  depends  on  the  depth  of  that  point 
below  the  surface  of  tiie  fluid,  that  is,  on  tlje  length  ot  the 
vertical  line  drawn  from  the  point  to  meet  a  horizontul  line 
drawn  through  the  highest  point  in  the  fluid. 

Thus  if  ABC  be  a  conical  vessel  with  a  horizontal  base, 
standing  on  a  table,  and  filled  with  fluid,  the  pressure  at  any 
point  P  is  determined  in  the  following  manner. 


E     A 


From  ^,  the  highest  point  of  the  fluid,  draw  a  vertical  line 
meeting  the  horizontal  plane  passing  through  P  in  the  point  Q. 

Then  the  pressure  at  /*  =  pressure  at  Q,  because  P  and  Q 
are  in  the  same  horizontal  plane. 

But  pressure  at  Q  depends  on  the  length  of  ylQ: 
tlicrofore  pressure  at  P  depends  on  the  length  of  PR^  a  linv 
•  liuwn  vertically  to  meet  the  horizontal  line  AR. 
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:^9.  ]f  a  vessel,  of  which  the  bottom  is  hoinzontal  and 
i/'e  .tides  vertical,  be  filed  with  fluid,  the  presxure  on  the 
huitom  will  be  equal  to  the  weight  of  the  fluid. 


Fig.  I. 


Fig.  n. 


Fig.  ra. 


Let  ACDB  (fig.  I.)  be  a  vessel  whose  bottom,  CD,  is  hori- 
zontal, and  its  sides  vertical.  We  may  consider  the  fluid  in 
this  vessel  to  be  made  up  of  vertical  columns  of  fluid.  Each  of 
these  columns  will  press  vertically  downwards  with  its  weight, 
and  the  sum  of  these  i)ressures  will  be  the  weight  of  the  fluid. 
Now  the  base  of  the  vessel,  being  horizontal,  will  sustain  all 
these  vertical  pressures; 

.•.  pressure  on  the  base  of  the  vessel  =  weight  of  the  fluid. 

If  the  sides  of  the  vessel  be  not  vertical,  as  in  figs.  II.  and 
III.,  the  pressure  on  the  ba.se  will  be  equal  to  the  weight  of  a 
column  of  fluid  ECDF,  EG  and  FD  being  perpendicular  to 
CD,  and  EF  being  the  surface  of  the  fluid. 

Hence  if  in  the  three  vessels  the  bases  are  equal  and 
on  the  same  horizontal  plane,  and  the  fluid  stands  at  the  same 
height  in  the  vessels,  the  pressure  on  the  base  in  each  case 
will  be  the  same. 

The  fluid  in  vessel  I.  produces  a  pressure  on  the  base  equal 
to  its  own  weight. 

The  fluid  in  vessel  II.  produces  a  pressure  on  the  base  less 
than  its  own  weight. 

The  fluid  in  vessel  III.  i)roduce8  a  pressure  on  the 
greater  than  its  own  weight. 


8.  H. 
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Examples. — II. 

(1)  If  the  pressure  at  a  depth  of  32  feet  be  15  lbs.  to  the 
gqnare  inch,  what  will  the  pressure  be  at  a  depth  of  42  feet 
8  inches  ? 

(2)  If  the  pressure  at  a  depth  of  8  feet  be  142  lbs,  to  the 
square  inch,  what  will  be  the  pressure  at  a  depth  of  20  ft.  6  in.? 

(3)  In  two  uniform  fluids  the  pressures  are  the  same  at 
the  depths  of  3  and  4  inches  respectively  :  compare  the 
pressures  at  the  depths  of  7  and  8  inches  respectively. 

(4)  In  two  uniform  fluids  the  pressures  are  the  same  at  the 
depths  of  2  and  3  inches  respectively :  compare  the  pressures 
at  the  depths  of  9  and  12  inches  respectively. 

(5)  Find  the  height  of  a  column  standing  in  water  30  feet 
deep,  when  the  pressure  at  the  bottom  is  to  the  pressure  at 
the  top  as  3  to  2. 

(6)  If  the  pressure  of  a  uniform  fluid,  not  exposed  to 
external  pressure,  be  15  lbs.  to  the  square  inch  at  a  depth  of 
15  feet,  what  will  be  the  pressure  at  a  depth  of  12  feet  ? 

(7)  If  the  pressure  of  a  uniform  fluid,  not  exposed  to 
external  pressure,  be  3  lbs.  to  the  square  inch  at  a  depth  of 
4  feet,  what  will  be  the  pressure  on  a  square  inch  at  a  depth  of 
12  feet  ? 

(8)  What  is  the  pressure  on  the  horizontal  bottom  of  a 
vessel  filled  with  water  to  the  depth  of  2^  feet,  the  area  of  the 
base  being  20  square  feet,  and  the  weight  of  a  cubic  foot  of 
water  1000  oz.  ? 

(9)  A  cubic  foot  of  mercury  weighs  13600  oz.  Find  the 
pressure  on  the  horizontal  base  of  a  vessel  containing  mercury, 
the  area  of  the  base  being  8  square  inches,  and  the  depth  of  the 
mercury  3  inches. 

(10)  What  is  the  pressure  on  the  horizontal  base  of  a  vessel 
filled  with  water  to  the  depth  of  15  feet,  the  area  of  the  base 
being  24  square  feet,  and  the  weight  of  a  cubic  foot  of  water 
1000  oz.  ? 

(11)  A  cistern  shaped  like  an  equilateral  triangle  of  which 
one  side  is  6  feet  is  filled  with  water  to  the  depth  of  two  feet : 
find  the  pressure  on  the  base,  the  weight  of  a  cubic  foot  of 
water  being  1000  oz. 
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(12)  The  spout  of  a  teapot  springs  from  the  iniddlepoiiii 
of  one  side,  and  its  upper  extremity  is  on  a  level  with  the  lid. 
If  the  spout  be  broken  oflf  half-way,  how  high  can  the  teapot  be 
filled  ? 

(13)  When  bottles  that  have  been  sunk  in  deep  water  have 
been  brought  up,  their  corks  have  been  found  driven  in.  How 
do  you  explain  this  ? 

(14)  If  a  pipe,  whose  height  above  the  bottom  of  a  vessel  is 
112  feet,  be  inserted  vertically  in  the  vessel,  and  the  whole  be 
filled  with  water,  find  the  pressure  in  tons  on  the  bottom  of 
the  vessel,  the  area  of  the  bottom  being  4  square  feet,  and  the 
weight  of  a  cubic  foot  of  water  1000  oz. 

(15)  A  hole,  a  square  inch  in  area,  is  bored  in  the  flat 
cover  of  a  vessel  full  of  water,  and  a  smooth  piston  weighing 
7  lbs.  13  oz.  is  fitted  into  it;  a  vertical  tube  is  then  fitted  into 
another  hole  in  the  cover,  and  water  is  poured  into  it:  find 
how  high  the  water  must  be  made  to  ascend  in  it  in  order  that 
the  piston  may  be  driven  out,  a  cubic  foot  of  water  weighing 
1000  Of. 
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CHAPTER  in. 

On  Specific  Gravity, 

40.  Some  substances  are  from  the  nature  of  their  compo- 
sition more  weighty  than  others.  We  call  gold  a  heavier  metal 
than  lead,  because  we  know  by  experience  that  a  given  volume 
of  gold  is  more  weighty  than  an  equal  volume  of  lead. 

41.  We  make  a  distinction  between  the  terms  weight  and 
weightiness. 

We  speak  of  the  weight  of  a  particular  lump  of  gold  or  iron. 

We  speak  of  the  weightiness  of  gold  or  iron,  not  referring 
to  any  particular  lump,  but  to  the  special  characteristics  of  the 
metals  in  question. 

Further  we  say  that  gold  is  heavier  than  iron,  having  no 
particular  lump  of  the  metals  in  view,  but  expressing  our 
notions  of  the  degree  of  weightiness  that  is  peculiar  to  either 
substance. 

This  degree  of  weightiness  is  known  by  the  name  Specific 
Gravity. 

Dep.  The  Specific  Gravity  of  a  substance  is  the  degree  oj 
weightiness  of  that  substance. 

«  42.  If  of  two  substances,  one  of  which  is  twice  as  weighty 
as  the  other,  we  take  two  lumps  of  equal  volume,  the  weight 
of  one  lump  is  evidently  twice  that  of  tlie  other :  and,  generally, 
if  one  substance  bo  S  times  a*s  weighty  as  the  other,  the  weight 
of  any  volume  of  the  first  is  S  times  the  weight  of  an  equal 
volume  of  the  other.  Now  by  a  substance,  the  measure  of  the 
specific  gravity  of  which  is  S,  we  mean  a  substance  which  is  S 
times  as  weighty  as  the  standard  by  which  specific  gravities  are 
estimated.  Therefore  any  volume  of  this  substance  will  weigh 
S  times  as  much  as  the  equal  volume  of  the  standard. 
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43.  Tho  requisites  for  a  Standard  are  that  it  should  be 
definite  and  uniform,  and  these  requisites  are  possessed  by 
Pure  Distilled  Water  at  a  certain  temperature.  This  substance 
is  therefore  taken  as  the  standard  for  estimating  the  specific 
gravities  of  solid  bodies  and  inelastic  fluids. 

44.  When  we  say  that  the  specific  gravity  of  gold  is  19, 
we  mean  that  the  specific  gravity  of  gold  is  1 9  times  that  of 
Pure  Distilled  Water,  and  therefore  a  given  volume  of  gold 
weighs  19  times  as  much  as  the  same  volume  of  distilled  water. 

45.  To  measure  the  Weight  of  a  body  we  must  have  a  unit 
of  weight,  and  to  measure  the  Volume  of  a  body  we  must  have 
a  unit  of  volume.  These  units  we  may  select  in  any  way  that 
may  suit  our  purpose,  and  we  connect  them  with  the  unit  of 
specific  gravity  by  the  following  convention  : 

The  unit  of  specific  gravity  is  the  specific  gravity  of  that 
substance  of  which  a  utiit  of  volume  contains  a  unit  of  weight. 

46.  To  find  the  numerical  relation  existing  hetween  the 
measure  of  the  specific  gravity  of  a  substance  and  the  mea- 
sures of  the  weight  and  volume  of  any  given  quantity  of  the 
substance. 

Let  W  represent  the  measure  of  the  weight  of  a  substance, 
that  is  the  number  of  times  it  contains  the  unit  of  weight. 

Also,  let  V  represent  the  measure  of  the  volume  of  the 
substance,  that  is  the  number  of  times  it  contains  the  unit  of 
volume. 

And  let  S  represent  the  measure  of  the  specific  gravity  of 
the  substance,  that  is  the  number  of  times  it  contains  the  unit 
of  specific  gravity. 

Then  one  unit  of  volume  of  this  substance  will  weigh  S 
times  as  much  as  a  unit  of  volume  of  the  standard  substance, 
'Art.  42)  that  is,  its  weight  is  aS*  times  the  unit  of  weight. 

Therefore  the  weight  of  V  units  of  volume  is  VS  times 
the  unit  of  weight; 

therefore  the  measure  of  the  weight  of  V  units  of  voluuie 
of  the  substance  is  VS; 

but  this  measure  we  have  denoted  by  Wy 
:.  IV=  VS. 
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47.  The  equation  W=  VS  gives  us  merely  the  relation 
between  three  numbers,  and  two  of  these  must  be  given  in 
order  that  we  may  determine  the  third. 

When  we  have  found  it  we  know  the  measure  of  the  weight 
or  volume  or  specific  gravity,  as  the  case  may  be,  and  we  must 
have  the  unit  of  weight,  or  of  volume,  or  of  specific  gravity  also 
given  to  enable  us  to  determine  the  weight  or  volume  or 
specific  gravity  of  a  particular  substance.  So  that  we  may  pui 
it  thus  : 

measure  of  weight  =  Fas', 


W 
measure  of  volume  =  -5- , 


measure  of  specific  gravity  =  — 
•ind 


weight  =  FaS  times  (unit  of  weight), 


W 
volume  =  -^  times  (unit  of  volume), 


W 

specific  gravity  =  ^  times  (unit  of  specific  gravity). 


48.  A  cubic  foot  of  pure  distilled  water  at  a  temperature 
of  62°  Fahrenheit  weighs  about  998  oz.,  and  for  rough  calcula- 
tions it  is  assumed  that  the  weight  of  a  cubic  foot  of  water  is 
1000  ounces. 

Then  if  we  take  1  cubic  foot  as  our  unit  of  volume  and  pure 
distilled  water  as  our  standard  of  specific  gravity,  the  unit  of 
weight  will  be  1000  ounces. 

Or  if  we  prefer  to  take  1  lb.  avoirdupois  as  our  unit  of 
weight  and  pure  distilled  water  as  our  standard  of  specific 

gravity,  the  unit  of  volume  will  be  .—  -  of  a  cubic  foot,  that  is. 

•016  cub.  ft. 
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49.  We  shall  next  explain  how  quantities  are  measured ; 
and  then  we  shall  give  three  examples,  worked  out  first  on  the 
supposition  that  1  cubic  foot  is  taken  as  the  unit  of  volume,  and 
secondly,  on  the  supposition  that  1  lb.  avoirdupois  is  taken  as 
the  unit  of  weight,  so  that  the  student  may  see  that  the  same 
result  must  follow  from  both  suppositions,  and  that  such  a 
choice  may  be  made  as  to  the  units  as  may  be  suitable  to  any 
particular  case. 

50.  To  measure  any  quantity  we  fix  upon  some  definite  quan- 
tity of  the  same  kind  for  our  standard,  or  unit^  and  then  any 
qu:xutity  of  that  kind  is  measured  by  finding  how  many  times  it 
contains  this  unit,  and  this  number  of  times  is  called  the 
measure  of  the  quantity. 

For  example,  if  one  pound  avoirdupois  be  the  unit  of  weight, 
the  measure  of  16  lbs  is  16.  Or,  to  put  our  calculations  in  a 
tabular  form,  we  may  give  the  following  Examples : 


Measura 

a 


5760 
7000* 

6-5. 

3 

1728* 

14  X  16 
1000"  " 

5 


Unit. 

Quantity. 

1  lb.  avoird. 

8  lbs. 

1  lb.  avoird. 

4  0Z. 

1  lb.  avoird. 

1  lb.  troy. 

1  cub.  ft. 

6J  cub.  ft. 

1  cub.  ft. 

3  cub.  in. 

1000  oz.  av. 

14  lbs.  av. 

•016  cub.  ft. 

&  cub.,  ilk 

1728  X -016' 
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51.  First,  when  1  cubic  foot  is  taken  as  the  unit  of  volume, 
and  consequently  1000  oz.  as  the  unit  of  weight,  to  solve  the 
following  examples  : 

Ex.  (1)  The  specific  gravity  of  lead  is  11-4,  find  the 
weight  of  720  cubic  inches  of  lead. 

Weight  required  =  VS  (unit  of  weight) 

=  (  ^^^  X  11  -4  )  times  1000  o^ 
Vl728  ' 

=  4750  oz. 

=  296^  lbs. 

o 

Ex.  (2)  If  5  cubic  feet  of  a  substance  weigh  240  lbs.,  what 
is  its  specific  gravity  ? 

„        „,     240x16     ,^    _ 

^^^^^=-iooo-'^=^- 

Sp.  gi*.  required  =  -v^  (unit  of  specific  gravity) 

240  X  16 

(unit  of  specific  gi-avity) 

-  jQQQ  ^  g  (unit  of  specific  gravity) 

=•768  (unit  of  specific  gravity). 

Ex.  (3)  What  is  the  volume  of  a  substance  whose  specific 
gravity  is  9'6  and  whose  weight  is  4200  lbs.  ? 

__        ^„     4200x16    „    -^ 
Here  ^=-^^^.^-,^=9-6. 

W 
Volume  required =-;^  (unit  of  volume) 


4200x16 
1000  ' 
9-6 
:7  cub.  ft. 


cub.  ft. 


I 


ON  SPECIFIC  OR  A  VI  TV.  25 

52.  Secondly,  when  1  lb.  avoirdupois  is  taken  as  the  unit 
of  weight,  and  consequently  '016  cub.  ft.  as  the  unit  of  volume, 
our  examples  will  stand  thus : 


Ex.  (1) 

Here  r=  ,--rr^^. ,  >S'=  1 14. 

172s  X '016 


Weight  required  =  VS  (unit  of  weight) 
=  296  jibs. 

O 


Ex.  (2) 

Here  ^=240,  r=-?-. 

W 
Sp.  gr.  required  =  -^  (unit  of  specific  gravity) 

=  -   '    (unit  of  specific  gravity) 


•016 

240  X  016  ,     .^    .         .. 
= —     (unit  of  specific  gr£ 

=  •768  (unit  of  specific  gravity). 

Ex.  (3) 

Here 

]PF=4200, /S'=9-6. 

Volume 

W 
required  =  -^  (unit  of  volume) 

4-200 

=  -^  times -016  cub.  ft 

4200  X  16      ,    .. 
=  9-6  X  1000^^^- ^^• 

=  7  cub.  ft. 
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53.  If  a  number  of  substances  be  put  together  to  form  a 
mixture,  we  shall  generally  have  the  following  relations  : 

(1)  sum  of  measures  of  weights  of  compounds  =  measure  of 
weight  of  mixture. 

(2)  sum  of  measures  of  volumes  of  compounds = measure  of 
volume  of  mixture. 

Thus  if  «?!,  w^^  w^, be  the  measures  of  the  weights, 

Vi,  v^,  «?3, volumes, 

*i>  «2,  «3, specific  gra- 
vities of  the  compounds,  and 

w,  V,  s  the  measures  of  the  weight,  volume  and 
specific  gravity  of  the  mixture,  we  shall  have 

«?i  +  «7j  +  «/?3  + =«r, 

«Ji  +  »2  +  «'3+ =  v; 

and  therefore 

*^  +  !^  +  ^+ =!^. 

Si  *5  *3  * 

Note.  We  say  that  these  relations  hold  generally,  because 
in  some  cases,  when  substances  are  mixed,  the  volume  of  the 
mixture  is  not  equal  to  the  sum  of  the  volumes  of  the  two 
substances.  For  instance,  70  pints  of  sulphuric  acid  mixed 
with  30  pints  of  water  will  make  a  mixture  of  less  than  99  pints. 

54.  In  applying  these  formulae  to  the  solution  of  examples, 
we  may  take  any  unit  of  volume  or  of  weight,  adhering  to 
it  through  the  whole  calculation. 

Ex.  (1)  To  find  the  specific  gravity  of  a  mixed  metal  com- 
posed of  5  cubic  inches  of  copper,  specific  gravity  9,  and  8  cubic 
inches  of  tin,  specific  gravity  7  2. 

Since  v^  s^  +  »2  *s  =  vs, 
if  we  take  1  cubic  inch  as  the  unit  of  volume,  we  have 


5x9  +  8x7'2  =  (5  +  8)*; 

+  5' 
13 


45 +  57-6     ^,^^ 
.'.  * = — ,  „ —  -^7-96  nearly 
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Ex.  (2)  Ten  pounds  of  fluid,  specific  gravity  1*05,  are 
mijied  with  15  pounds  of  distilled  water.  Find  the  specific 
gravity  of  the  mixture. 

if  we  take  1  lb.  as  the  unit  of  weight,  we  have 
10       1^_^. 

2  5 

•'•foB"^^"*' 
•'•«~ro5' 

105x5      105     ,^,^          , 

••*=-5i5-=ro5=^*^^^^^^^y- 


55.  The  Density  of  a  substance  is  the  degree  of  closeness 
cith  which  the, particles  composing  the  substance  are  packed 
'og  ether. 

The  difference  between  density  and  specific  gravity  may 
be  stated  thus ;  in  estimating  the  density  of  a  body  we  take 
into  account  the  quantity  of  matter  contained  in  a  given 
volume :  in  estimating  the  specific  gravity  of  a  body  we  take 
into  account  the  effect  of  the  action  of  gravity  on  a  given 
volume. 

If  we  take  the  same  substance,  as  pure  distilled  water, 
as  that  to  which  we  refer  as  a  standard  in  measuring  the 
density  and  specific  gravity  of  another  substance,  the 
measures    of  the  density  and  specific  gravity  will  be  the 


Examples.— III. 

(1)  The  specific  gravity  of  copper  is  8*9 1 ;  find  the  weight 
of  512  cubic  inches  of  copper,  a  cubic  foot  of  water  weighing 
1000  oz, 

(2)  If  4  cubic  inches  of  iron  Weigh  as  much  as  72  cubic 
inches  of  amber,  compare  the  specific  gravities  of  iron  and 
amber. 
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(3)  The  specific  gravity  of  mercury  being  13'5,  find  the 
weight  of  one  cubic  inch  of  it,  having  given  that  a  cubic  foot  of 
water  weighs  1000  oz. 

(4)  If  two  cubic  feet  of  a  substance  weigh  100  lbs.,  what  is 
its  specific  gravity  ? 

(5)  Find  the  weight  of  36  cubic  inches  of  cork,  whose 
specific  gravity  is  024. 

(6)  A  cubic  foot  of  water  weighs  1000  oz.,  what  will  be 
the  weight  of  a  cubic  inch  of  a  substance  whose  specific  gra-v  ity 
is3? 

(7)  What  is  the  specific  gravity  of  a  body  of  which  m 
cubic  feet  weigh  n  lbs.  ? 

(8)  Five  cubic  inches  of  iron  weigh  2-2|  oz.,  what  is  the 
specific  gravity  of  iron? 

(9)  Twelve  cubic  feet  of  dried  oak  weigh  875  lbs.,  what  is 
the  specific  gravity  of  the  wood  ? 

(10)  Twenty-six  cubic  feet  of  ash  weigh  1371^  lbs.,  what  is 
its  specific  gravity  % 

(11)  A  metal,  whose  specific  gravity  is  15,  is  mixed  with 
half  the  volume  of  an  alloy  whose  specific  gravity  is  12,  find  the 
specific  gravity  of  the  compound. 

(12)  Two  metals  are  combined  into  a  lump  the  volume 
of  which  is  2  cubic  inches  ;  \\  cubic  inches  of  one  metal  weigh 
as  much  as  the  lump,  and  2^  cubic  inches  of  the  other  metal 
weigh  the  same.  What  volume  of  each  of  the  two  metals  is 
there  in  the  lump  ? 

(13)  Two  substances  whose  specific  gravities  are  1*5  and 
3"0  are  mixed  together,  and  form  a  compound  whose  specific 
gravity  is  2*5 ;  compare  the  volumes  and  also  the  weights  oi 
the  two  substances. 

(14)  The  specific  gravity  of  sea- water  being  1-027,  wlmt 
proportion  of  fresh  water  nmst  be  added  to  a  quantity  of 
Bca-water  that  the  specific  o-ravity  of  the  compound  may  be 
1009? 
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(15)  Equal  weights  of  two  substances  whose  densities  are 
3'25  and  2-75  are  mixed  together;  find  the  density  of  the 
compound. 

(16)  Equal  volumes  of  two  substances  whose  specific 
gravities  are  25  and  1*5  are  mixed  together;  what  is  the 
specific  gravity  of  the  compound  % 

(17)  Five  cubic  inches  of  lead,  specific  gravity  11  "35,  are 
mixed  with  the  same  volume  of  tin,  specific  gravity  7'3;  what  is 
the  specific  gravity  of  the  compound  \ 

(18)  A  mixture  is  formed  of  equal  volumes  of  three 
fluids;  the  densities  of  two  are  given  and  also  the  density 
of  the  mixture.    What  is  the  density  of  the. third  fluid? 

(19)  Ten  cubic  inches  of  copper,  specific  gravity  8*9,  are 
mixed  with  seven  cubic  inches  of  tin,  specific  gravity  7 "3 ;  find 
the  specific  gravity  of  the  compound. 

(20)  Three  fluids,  whose  specific  gravities  are  "7,  '8  and  9 
respectively,  are  mixed  in  the  proportion  of  5  Iba,  6  lbs.,  and 
7  lbs.     What  is  the  specific  gravity  of  the  mixture  \ 

(21)  The  specific  gravity  of  pure  gold  is  19*3  and  of  copper 
8*62  ;  required  the  specific  gravity  of  standard  gold,  which  is  a 
mixture  of  eleven  parts  of  gold  and  one  of  copper. 

(22)  When  63  pints  of  sulphuric  acid,  specific  gravity  1*82, 
are  mixed  with  24  pints  of  water,  tlie  mixture  contains  only 
86  pints.    What  is  its  specific  gravity  '\  ^ 

(23)  If  three  fluids  the  volumes  of  which  are  4,  5,  6  and 
the  specific  gravities  2,  3,  4  are  mixed  together,  determine 
the  specific  gravity  of  the  compound. 

(24)  The  specific  gravity  of  quartz  is  2*62,  and  that  of  gold 
19*35  ;  a  nugget  of  quartz  and  gold  weighs  11*5  oz.,  and  its 
specific  gravity  is  7 "43 ;  find  the  weight  of  gold  in  it. 

(25)  An  iron  spof  n  is  gilded,  and  the  mean  specific  gravity 
of  the  gilded  spoon  is  8;  those  of  iron  and  gold  are  7'8  and 
19*4 :  find  the  ratio  of  the  volumes  and  weights  of  the  metals 
employed. 


CHAPTER  IV. 

On  the  Conditions  of  Equilibrium  of  Bodies  under  the 
Action  of  Fluids. 

56.  When  a  body  is  wholly  or  partially  immersed  in  a  fluid, 
it  is  a  general  principle  of  Hydrostatics  that  the  resultant 
pressure  of  the  fluid  on  the  surface  of  the  body  is  equal  to  the 
weight  of  the  fluid  displaced.  This  principle  we  shall  prove 
for  two  cases  in  Articles  57  and  61. 

(1)  When  the  body  is  wholly  immersed  in  the  fluid : 

(2)  When  the  body  is  partially  immersed  in  the  fluid. 

67.  To  find  the  resultant  Pressure  of  a  Fluid  on  a  body 
wholly  immersed  and  floating  in  a  fluid. 


Lot  -4  be  a  body  floating  in  a  fluid  and  wholly  immersed 
in  it 
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Imagine  the  body  removed  and  the  vacant  space  filled  with 
fluid  of  the  same  kind  as  that  in  which  the  body  floated. 

Then  suppose  this  substituted  fluid  to  become  solid. 

The  pressure  at  each  point  of  its  surface  will  still  be  the 
same  as  it  was  at  the  same  point  of  the  surface  of  A 

The  solidified  fluid  is  kept  at  rest  by 

(1)  The  attractions  exercised  by  the  earth  on  every  par- 
ticle of  its  mass : 

(2)  The  pressures  exercised  by  the  fluid  at  the  diflFerent 
points  of  its  surface. 

Hence  the  resultants  of  these  two  sets  of  forces  must  be 
equal  in  magnitude  and  opposite  in  their  lines  of  action. 

Now  the  resultant  of  set  (1)  is  called  the  weight  of  the 
solidified  fluid  and  acts  vertically  downwards  througii  its  centre 
of  gravity. 

Hence  the  resultant  of  set  (2)  is  equal  in  magnitude  to  the 
weight  of  the  solidified  fluid  and  acts  vertically  upwards 
through  its  centre  of  gravity. 

Now  since  the  pressures  on  the  solidified  fluid  are  the  same 
as  on  the  body  A,  we  see  that  the  resultant  pressure  of  the 
fluid  on  A  is  equal  to  the  weight  of  the  fluid  displaced  by  A 
and  acts  vertically  upwards  through  •the  centre  of  gravity  oi 
this  displaced  fluid. 

This  principle  we  shall  now  apply  to  the  following  Ex- 
amples in  Statics. 

58.  Ex.  I .  Find  the  conditions  of  equilibrium  of  a  body 
boating  in  a  fluid  and  wholly  immersed  in  it. 

The  body  A  (see  diagram  in  Art.  57)  is  kept  at  rest  by 

(1)  Its  weight,  acting  vertically  downwards  through  its 
centre  of  gravity : 

(2)  The  pressures  of  the  fluid  on  its  surface,  the  resultant 
of  which  is  equal  to  the  weight  of  the  fluid  displaced  by  A  and 
acts  vertically  upwards  through  the  centre  of  gravity  of  the 
tiuid  displaced. 
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Hence 


(1)  Weight  of  ^  =  weight  of  fluid  displaced  by  A  : 

(2)  The  centres  of  gravity  of  A  and  of  the  fluid  displaced 
are  in  the  same  vertical  line. 

These  are  the  conditions  of  equilibrium. 

Note.  A  diflSculty  often  occurs  with  beginners  in  conceiving 
how  a  solid  body  can  be  in  equilibrium  in  the  midst  of  a 
Jluid,  neither  rising  to  the  surface  nor  sinking  to  the  bottom. 
It  may  however  be  proved  by  experiment  that  a  hollow  ball 
of  copper,  such  as  is  used  for  a  ball-tap,  may  be  constructed 
of  such  a  weight  relatively  to  its  size  that  when  placed  in  water 
it  will  remain  where  it  is  placed,  just  as  the  body  A  is  re- 
presented in  the  diagram. 

59.  Ex.  II.  Find  the  conditions  of  equilibrium  for  a 
body  of  uniform  density  wholly  immersed  in  a  fluid  and  in 
part  supported  by  a  string. 


Let  a  body  the  measure  of  whose  volume  is  V  be  suspended 
by  a  string  from  the  fixed  point  A  so  as  to  float  below  the  sur- 
face of  a  fluid. 

The  body  is  kept  at  rest  by 

(1)  its  weight, 

(2)  the  i)ressureis  of  the  fluid  on  its  surface, 

(3)  the  tension  of  the  string. 
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I(U»v  (1)  is  equivalent  to  a  single  resultant  acting  vertically 
downwards  through  the  centre  of  gravity  of  tho 
body , 

(2)  is  equivalent  (by  Art.  57)  to  a  single  resultant, 
equal  to  the  weight  of  fluid  displaced  and  acting 
vertically  ujncarda  through  the  centre  of  gravity? 
of  the  fluid  displaced  : 
(and  these  two  centres  of  gravity  coinciding) 
therefore  (3)  must  act  (see Statics,  Art.  52)  upicardsm  the  ver- 
tical line  through  this  conuuon  centre  of  gravity, 
and  (1)  must  be  equal  to  the  sum  of  (2)  and  (3). 

Hence,  if 

^S*  be  the  measure  of  the  specific  gravity  of  the  body, 

S'  of  the  fluid, 

T  of  the  tension  of  the  string, 

there  is  equilibrium  when 

VS=VS'+T 

or        T=V{S-^. 


Ex.  A  piece  of  metal,  whose  specific  gravity  is  7-3  ano 
volume  24  cubic  inches,  is  suspended  by  a  string  so  as  to  be 
wholly  immersed  in  water.     Find  the  tension  of  the  string. 

Taking  1  cubic  inch  as  the  unit  of  volume,  and  consequejitl; 

1000  ^,         •.    p      .  1  ^ 

-„      oz.  as  the  unit  oi  weight, 
1<28 

tension  of  string  =  24  (73  - 1)  ^  ,  „oo  *^^ 
1728 


•     24  X  6'3  X  louO 
1728 »»• 

5=875  OZ. 

8.H. 
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60.  Ex.  (3)  If  a  body  of  unif-*^  >.  deiiiity  he  immersed 
in  a  fluid  and  he  prevented  from  rising  hy  a  string  attached 
to  the  hottom  of  the  vessel  containing  the  fluids  find  tlie 
tension  of  ths  string. 


Let  a  body,  the  measure  of  whose  volume  is  V,  be  kept 
under  the  surface  of  a-  fluid  by  a  string  fastened  to  ^,  a  point 
in  the  base  of  the  vessel. 

The  body  is  kept  at  rest  by 

(1)  its  weight,  acting  vertically  downwards, 

(2)  the  tension  of  the  string,  acting  vertically  down- 
wards, 

(3)  the  resultant  of  fluid  pressures  on  the  body,  acting 
vertically  upwards. 

Hence,  if 
T  be  the  measure  of  the  tension  of  the  string, 

S specific  gravity  of  the  body, 

aS" specific  gravity  of  the  fluid, 

since  there  is  equilibnura, 

VS+  r=  VS'; 
.:  7'=  yS'-  VS 

=  y{S'-s). 
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Gl.     To  find  the  resultant  pressure  <>/  a  fluid  on  (s,  body 
partially  immersed  and  floating  in  the  fluid. 


Let  ABCD  be  a  body  partially  immersed  and  floatiug  in 
a  fluid,  the  part  BCD  being  below  the  surface  of  thvi  tivuid. 

Imagine  the  body  removed  and  the  vacant  space  BCD 
filled  with  fluid  of  the  same  kind  as  that  in  which  the  body 
floated. 

Then  suppose  this  substituted  fluid  to  become  solid. 

The  pressure  at  each  point  of  its  surface  will  still  be  the 
same  as  it  was  at  the  same  point  of  BCD. 

The  solidified  fluid  is  kept  at  rest  by 

(1)  the  attractions  exercised  by  the  Earth  on  every 
particle  of  its  mass, 

(2)  the  pressures  exercised  by  the  fluid  at  the  different 
points  of  its  surface*. 

Hence  the  resultants  of  these  two  sets  of  forces  must  be 
eqirnl  in  magnitude  and  opposite  in  their  lines  of  action. 

*  Tliroughout  this  chapter  the  space  occupied  by  the  air  is  supposed  to  be  a 
vacuum. 

3—2 
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Now  the  resultant  of  set  (1)  is  culled  the  weight  of  the 
solidified  fluid,  and  acts  vertically  downwards  through  its 
centre  of  gravity. 

Hence  the  resultant  of  set  (2)  is  equal  in  magnitude  to  the 
•wei£ht  of  the  solidified  fluid,  and  acts  vertically  upwards 
through  its  centre  of  gravity. 

Now  since  the  pressures  on  the  solidified  fluid  are  the  same 
as  on  the  surface  BCD,  we  see  that  the  resultant  pressure  of 
the  fluid  on  the  floating  body  is  equal  to  the  weight  of  the  fluid 
displaced,  and  »cts  vertically  upwards  through  the  centre  of 
gravity  of  the  displaced  fluid. 

This  principle  we  shall  now  apply  to  the  following  examples 
in  Statics. 


62.    Ex.  I.     Find  the  conditions  of  equilihriiim  of  a  body 
floating   and  partially  immersed  in  a  fluid  of  uniform 


The  body  A  BCD  (see  diagram  in  Art.  63)  is  kept  at  rest  by 

(1)  its  weight  acting  vertically  downwards  through  its 
centre  of  gravity, 

(2)  the  pressures  of  the  fluid  on  the  surface  BCD,  the 
resultant  of  which  is  equal  to  tlie  weight  of  fluid  displaced  by 
tlie  body,  and  acts  vertically  upwards  through  the  centre  ol 
gravity  of  the  fluid  displaced. 

Hence 

(1 )  weight  of  the  body  =  weight  of  fluid  displaced ; 

(2)  the  centres  of  gravity  of  the  body  and  of  the  fluid 
displaced  are  in  the  same  vertical  line. 

These  are  the  conditions  of  equilibrium. 
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63.  Ex.  11.  When  a  hxly  of  un\f'ynn  density  floats  in 
t  fluid,  the  volume  of  the  part  immersed  is  to  the  volume  of  the 
whole  body  as  the  specific  graclty  of  the  body  is  to  the  specific 
(jracity  of  the  fluid. 


Let  rbo  the  measure  of  the  volume  of  the  whole  body  ABCD, 

V' part  immersed  BCD^ 

S specific  gi'avity  of  the  body, 

*S" specific  gravity  of  the  fluid. 

Tlieu  since,  Art.  62, 

we  ght  of  flouting  body  =  weight  of  displaced  fluid, 
V.S^V'.S'-, 

:.  V  '.   V  ::  S  :  S'. 

Ex.  A  solid,  whose  specific  gravity  is  -4,  floats  in  a  fluid 
whose  specific  gravity  is  V2.  What  part  of  the  solid  is  below 
the  surface  ? 

Let  X  be  the  measure  of  the  part  immersed, 
m  the  measure  of  the  whole  body. 
Then  x  :  m=A  :  1*2 ; 

■4  4  1 

••^=iT'^  =  r2^  =  3'^ 


38     ON  THE  CONDITIONS  OF  EQUILIBRIUM  OF 

64.     The  Hydrostatic  Balance. 

The  Hydrostatic  Balance  is  a  common  balance  with  a 
hook  attached  to  tlie  bottom  of  one  of  the  scales  from  which 
a  solid  may  be  suspended  and  weighed  successively  (1)  in  air 
and  (2)  when  immersed  in  a  fluid. 


Call  the  scale  to  which  the  hook  is  attached  A  and  the 
other  scale  B.  Then  by  the  weight  of  the  solid  in  air  we  mean 
the  weight  which  when  placed  in  B  balances  the  solid  suspend- 
ed in  air  from  A. 

And  by  the  weight  of  the  solid  in  the  fluid  we  mean  the 
weight  which  when  placed  in  B  balances  the  solid  suspended 
from  A  so  as  to  be  immersed  in  the  fluid. 

Tlie  diff'erence  between  these  weights  is  caused  by  the 
pressures  of  the  fluid  on  the  surface  of  the  solid,  the  resultant 
of  these  pressures  being  a  force  acting  vertically  upwards  and 
equicalent  to  the  weight  of  the  fluid  displaced  by  the  solid. 
Now  if  Fbe  the  measure  of  the  volume  of  the  solid, 

S' specific  gravity  of  the  fluid, 

measure  of  weight  of  fluid  displaced  by  the  solid  =  VS'. 

65.  To  compare  the  specifl/i  gravities  of  a  solid  and  a 
fiuid  by  means  of  the  Hydrostatic  Balance. 

Let  Vhe  the  measure  of  the  volume  of  the  solid, 

S specific  gravity  of  the  solid, 

S' specific  gravity  of  the  fluid, 

W weight  of  the  solid  in  air. 
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Caspj  [.     When  the  solid  is  of  greater  specific  gravity  tlmn 
the  fluid. 

Let  W  be  the  measure  of  the  weight  of  the  solid  in  the  fluid, 
then  W—  ^F'=the  measure  of  the  weight  of  fluid  displaced 
by  the  solid, 

=  V8'. 
Also  W^  VS ; 

vs       w 


' '  VS' ~  W-  W" 

s       w 

or  =  -     

'  S'      W-  W" 

and  thus  S  and  S'  may  be  compared. 

Case  II.     When  the  solid  is  of  less  specific  gravity  than 
the  fluid. 

Attach  to  the  solid  some  heavy  substance,  called  the  sinker, 
which  will  make  the  solid  sink  with  it  in  the  fluid. 

Let  w  be  the  measure  of  the  weight  of  the  two  bodies  in  air, 

X  in  the  fluid, 

y  sinker  in  air, 

z  : in  the  fluid. 

Then 
«c—aT= measure  of  weight  of  fluid  displaced  by  the  two  bodies, 
y-z=  the  sinker. 

Subtracting, 
M7— a;— y  +  ;2?  =  measure  of  weight  of  fluid  displaced  by  the  solid 

=  VS'; 

also  W=  VS; 

w  —  x—y  +  z      S^ 
•'•  W         '/S' 

and  thus  S  and  S'  may  be  compared. 
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%%.     The  common  Hydrometer. 

The  common  Hydrometer  consists  of  a  straight  stem  AB 
terminating  iu  two  hollow  splicres  G  and  D.  D  is  usually 
loaded  with  mercury,  so  that  the  instrument  may  float  in  a 
fluid  with  the  stem  vertical. 


The  instrument  is  used  in  comparing  the  specific  gravities 
of  two  fluids.  The  stem  is  marked  with  graduations  by  means 
of  which  it  can  be  seen  what  part  of  the  instrument  is  below 
the  surface  of  the  fluid  in  which  it  floats. 

When  the  instrument  is  placed  in  a  fluid  the  measure  of 
whose  specific  gravity  is  S^  suppose  that  the  measure  of  the 
bulk  of  the  part  immersed  is  V. 

When  the  instrument  is  placed  in  a  fluid  the  measure  of 
whoso  specific  gravity  is  aS",  suppose  that  the  measure  of  the 
bulk  of  the  part  immersed  is  V'. 

Then  weight  of  hydrometer  =  wei<,^ht  of  first  fluid  displaced 
=  V.8  times  the  unit  of  weight ; 
and  weight  of  hydrometer  =  weight  of  second  fluid  displaced 
=  v.  S'  times  the  unit  of  weight : 
.-.  V.  S^  v.  S'  ; 
.-.  S  :  S'  ::   r  :   F; 
and   thus  S  and  S'  may  bo  compared,  since  F  and  K'  are 
known  from  the  graduations. 
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67.    Nicholson's  Ilydi'ometer. 


T. 


This  instrument  consists  of  a  hollow  cylinder  of  copper  A, 
from  which  a  slender  steel  wire  rises,  supporting  a  dish  G. 
An  iron  stirrup  fixed  to  the  lower  end  of  A  supports  a  heavy- 
dish  D.  A  fine  well-defined  mark  is  placed  at  some  point  B 
on  the  steel  wire. 

This  instrument  is  used  for  two  purposes  : — 

(1)  To  compare  the  specific  gravities  of  a  solid  and  a 
fluid. 

Let  W  be  the  measure  of  the  weight  which  placed  in  C 
causes  the  hydrometer  to  sink  in  the  fluid  till  the  surface  of 
the  fluid  meets  the  steel  wire  in  B. 

Place  the  solid  in  G  and  let  X  be  the  measure  of  the  weight 
added  to  make  the  instrument  sink  to  B. 

Place  the  solid  in  D  and  let  Y  be  the  measure  of  the  weight 
placed  in  G  to  make  the  instrument  sink  to  B. 

Then  measure  of  weight  of  solid  in  air=  IV- X, 


in  the  fluid  =  W-  F, 


.'.  measure  of  weight  of  fluid  displaced  by  solid 

^{IV-X)-{W-Y 

.  S.G.  of  solid  ^  W-X 
•'•  S.  G.  of  fluid       Y-X' 
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(2)  To  compare  the  specific  gravities  of  two  fluids. 

Let  W  be  the  measure  of  the  weight  of  the  hydrometer, 
X  and  y  the  measures  of  weight  to  be  placed  in  C  to  make  tho 
instrument  sink  to  B  in  each  fluid. 

The  measure  of  weight  of  first  fluid  displaced  =  W+x, 

second =  W+y, 

and,  since  the  volume  is  the  same  in  both  cases, 

S.  G.  of  first  fluid        VT+x 
S.  G.  of  second  fluid      TF+y' 

68.  To  compare  the  specific  gravities  of  two  fluids  by 
weighing  the  same  solid  in  each. 

Let  S  and  S"  be  the  measures  of  specific  gravities  of  the 
fluids, 

w  and  w'  the  measures  of  weights  of  the  solid  when 
immersed  in  the  respective  fluids, 

W  the  measure  of  weight  of  the  solid  in  air. 

Then  PF— w?  =  measure  of  weight  of  fluid  displaced  by 
solid  in  one  case, 

PF-«c'  =  measure  of  weight  of  fluid  displaced  by  solid 
in  the  other  case  ; 

.  S  _  W-w 
'''  S'~  W-u/' 
and  thus  JS  and  S'  may  be  compared. 


Examples. — IV. 

(1)  A  piece  of  glass  when  weighed  in  water  loses  fifths 
of  its  weight;  what  is  its  specific  gravity? 

(2)  Find  the  pressure  on  28  miles  of  a  submarine  tele- 
graphic cable  whose  circumference  is  3  inches,  the  depth  of  the 
cable  below  the  surface  of  the  sea  being  480  feet,  and  the 
specific  gravity  of  sea  water  r026.* 

(3)  A  body  whose  specific  gravity  is  3'3  floats  on  a  fluid 
whose  specific  gravity  is  44 ;  w  hat  portion  of  the  body  will  be 
immersed  1 

(4)  If  the  specific  gravity  of  standard  gold  be  19"4,  and  the 
weight  of  a  sovereign  in  air  bo  5  dwts.  2j  gi-s.,  find  its  weight 
in  water. 
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(5)  If  a  substance  weigh  8  lbs.  in  air  and  Gibs,  in  water, 
what  is  its  specific  gravity  ? 

(6)  A  cylindrical  tub  of  given  weight  floats  with  one-fourth 
of  its  axis  below  the  surface  of  a  fluid :  find  the  least  weight 
which  will  totally  immerse  the  tub. 

(7)  A  body  whose  specific  gravity  is  1*4  floats  in  a  fluid 
whose  specific  gravity  is  21;  what  portion  of  the  body  is  im- 
mersed ] 

(8)  A  leaden  bullet,  weighing  1  oz.,  is  placed  in  a  glass 
of  water  standing  on  a  table ;  find  the  pressure  of  the  bullet 
on  the  bottom  of  the  glass,  the  specific  gravity  of  lead  being 
11-4. 

(9)  A  cubic  inch  of  cork  floats  in  water  ;  find  the  weight 
^vhich  must  be  placed  upon  it  to  cause  the  half  of  it  to  be  im- 
mersed, the  specific  gravity  of  cork  being  "24,  and  the  weight 
of  a  cubic  foot  of  water  1000  oz. 

(10)  A  cork,  whose  weight  is  1  oz.  and  specific  gravity  '25, 
is  attached  by  a  string  to  the  bottom  of  a  vessel  containing 
water  so  that  the  cork  is  wholly  immersed.  "What  is  the  ten- 
sion of  the  string  ? 

(11)  A  person  supports  a  ball  of  lead,  weighing  46  oz.  and 
of  specific  gravity  11  "5,  wholly  immersed  in  water,  by  holding 
the  end  of  a  string  attached  to  the  ball.  AVhat  is  the  tension 
of  the  string  ? 

(12)  A  vessel  containing  water  is  placed  in  one  scale  of  a 
balance  and  weighs  1  lb.  A  piece  of  wood  of  specific  gravity 
•24  and  volume  1  inch  is  attached  to  the  bottom  so  as  to  be 
immersed.    What  vs^eight  will  now  balance  the  vessel  ? 

(13)  A  cube  hanging  by  a  strhig  is  half  immersed  in  water. 
If  the  weight  of  the  cube  be  a  pound,  and  its  specific  gravity 
three  times  that  of  water,  what  will  be  the  tension  of  the  string  ? 

(14)  A  certain  substance  weighs  30  oz.  in  water,  and  42  oz. 
out  of  water.     What  is  its  specific  gravity  ? 

(15)  A  substance  weighs  14  lbs.  in  water  and  2560  oz.  out 
of  water.    What  is  its  specific  giavity  % 
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(16)  A  substance  weighs  12  oz.  in  air  :  a  substance  weigh- 
ing 20  oz.  in  water  is  attached  to  it,  and  the  two  together  weigh 
IS  oz.  in  water.  What  is  the  specific  gi'avity  of  the  former 
substance  ] 

(17)  A  piece  of  mahogany  weighs  in  air  375  grains,  a 
piece  of  brass  weighing  380  grains  in  water  is  attached  to  it, 
and  the  two  together  weigh  in  water  300  grains.  Wliat  is  the 
specific  gravity  of  the  mahogany  ? 

(18)  A  piece  of  metal  weighs  113  grains  in  water  and  120 
grains  in  air.     What  is  its  specific  gravity  ? 

(19)  A  piece  of  calcareous  spar  weighs  in  air  190  grains 
and  in  water  120  grains.     Find  its  specific  gravity. 

(20)  A  body  weighs  4  oz.  in  vacuo,  and  if  another  body 
which  weighs  3  oz.  in  water  be  attached  to  it  the  two  together 
weigh  in  water  2|oz.  Find  the  specific  gravity  of  tlie  former 
body. 

-  (21)  A  piece  of  wood  weighs  12  lbs.,  and  when  attached  to 
22  lbs.  of  lead  and  immersed  in  water  the  two  together  weigh 
8  lbs.  If  the  specific  gravity  of  lead  be  ll"35fiud  the  specific 
gravity  of  the  wood. 

(22)  If  the  sinker  be  equal  in  magnitude  to  the  substance 
whose  specific  gravity  is  required,  but  double  its  weight  in 
vacuo,  and  if  the  two  together  weighed  in  water  would  balance 
the  sinker  in  vacuo,  what  is  the  specific  gravity  of  the  sub- 
stance ? 

(23)  The  specific  gravity  of  cork  is  '24,  and  the  weight  of 
a  cubic  foot  of  water  is  1000  oz.;  find  the  pressure  necessary  to 
liuld  down  under  water  a  cubic  foot  of  cork. 

(24)  A  cylinder  floats  vertically  in  a  fluid  with  8  feet  of 
its  length  above  the  fluid;  find  the  whole  length  of  the  cylinder, 
the  specific  gravity  of  the  fluid  being  three  times  that  of  the 
cylinder. 

(25)  A  cylinder  floats  with  \W\  of  its  bulk  above  the  surface 
of  a  fluid  whose  specific  gravity  is  'Sio,  find  the  specific  gravity 
of  the  cylinder. 

(26)  Why  is  it  easier  to  swim  in  salt  water  than  in  fresh  ? 
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(27)  Water  is  poured  into  a  vessel  containing  mercury, 
and  an  iron  cylinder  allowed  to  sink  through  the  water  floats 
.vitli  its  axis  vertical  in  the  mercury.  If  the  cylinder  be  1  inch 
in  length,  find  the  length  of  the  portion  immersed  in  the  mer- 
cury. The  specific  gravity  of  iron  is  7'8,  and  that  of  mercury 
13-6. 

(28)  A  body,  whose  specific  gravity  is  "5,  floats  on  water; 
if  the  weight  of  the  body  be  10'.)0  oz.,  find  the  number  of  cubic 
inches  of  it  above  the  surfixcc  of  the  fluid. 

(29)  A  body  containing  12  cubic  inches  weighs  in  air  8  lbs.; 
determine  its  weight  in  water. 

(30)  If  a  cube  float  on  water  with  one  face  horizontal,  and 

a  body  weighing  -——  oz.,  when  placed  upon  it,  make  it  sink 

through  an  inch,  find  the  size  of  the  cube  :  a  cubic  foot  of  water 
weighing  1000  oz. 

(3 1 )  What  is  the  specific  gravity  of  a  substance,  if  a  hollow 
rectangular  box,  ten  inches  long,  eight  inches  wide,  six  inchcfe 
deep,  and  a  quarter  of  an  inch  thick,  if  made  of  this  substance, 
will  just  float  in  water  ? 

(32)  A  lamina  in  the  form  of  an  equilateral  triangle  floats 
on  a  fluid  with  one  of  its  sides  horizontal  and  its  vertex  down- 
wards. If  the  density  of  the  triangle  be  one-third  that  of  the 
fluid,  find  the  depth  of  its  vertex  below  the  surface. 

(33)  A  triangular  lamina  of  uniform  thickness  floats  in  a 
vertical  position  with  its  base  horizontal  and  its  sides  half  im- 
mersed in  a  fluid  :  compare  the  specific  gravity  of  the  lamina 
with  that  of  the  fluid. 

(34)  A  symmetrical  body,  weighing  8  lbs.,  with  a  weight 
on  the  top  floats  just  immersed  in  a  fluid:  how  heavy  must  the 
weight  be,  in  order  that,  when  it  is  removed,  the  box  may  float 
with  only  one-third  of  it  immersed  \ 

(35)  Find  the  specific  gravity  of  a  material  such  that  a 
cylinder  formed  of  it  four  inches  long  floats  in  water  with  three 
inches  immersed. 

(36)  If  a  cubic  foot  of  water  weigh  lOOOoz.,  and  a  cube 
whose  edge  is  18  inches  weigh  2250  oz.,  how  far  will  a  cylinder 
whose  length  is  3  inches,  formed  of  the  same  material  as  the 
cube,  sink  in  water  ? 
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(37)  A  body,  whose  specific  gravity  is  2-7  and  weight  in 
vacuo  3  lbs.,  whtn  immersed  in  a  fluid  weighs  2  lbs.;  find  the 
specific  gravity  of  the  fluid. 

(38)  The  specific  gravity  of  mercury  is  13  5  and  that  of 
aluminium  is  2*6 ;  how  deep  will  a  cubic  inch  of  aluminium  sink 
in  a  vessel-xjf  mercury  ? 

(39)  If  a  body  floats  on  a  fluid  two- thirds  immersed,  and 
it  requires  a  pressure  ec^uivalent  to  2  lbs.  just  to  immerse  it 
totally,  what  is  the  weight  of  the  body  1 

(40)  If  a  body  weighing  3  lbs.  floats  on  a  fluid  one-half 
immersed,  what  pressure  will  sink  it  completely  ? 

(41)  A  piece  of  cork  (s.  g.  =  "24)  containing  2  cubic  feet  is 
kept  below  water  by  means  of  a  string  fastened  to  the  bottom 
of  a  vessel ;    find  the  tension  of  the  string. 

(42)  Two  bodies  whose  weights  are  w^  and  w^  in  air,  weigh 
each  w  in  water  ;  compare  their  specific  gravities. 

(43)  The  cavity  in  a  conical  rifle  bullet  is  usually  filled 
with  a  plug  of  some  light  wood.  If  the  bullet  be  held  in  the 
hand  beneath  the  surface  of  the  water,  and  the  plug  be  then 
removed,  will  the  apparent  weight  of  the  bullet  be  increased 
or  diminished  ? 

(44)  A  body,  whose  weight  in  air  is  6  lbs,,  weighs  3  lbs.  and 
4  lbs.  respectively  in  two  diftereut  fluids ;  compare  the  specific 
gravities  of  the  fluids, 

(45)  A  body  whose  specific  gravity  is  7*7  and  weight  in 
vacuo  7  lbs.,  when  immersed  in  a  fluid  weighs  6  lbs. ;  find  the 
specific  gravity  of  the  fluid. 

(46)  A  solid  sphere  floats  in  a  fluid  with  three-fourths  of 
its  bulk  above  the  surface  :  when  another  sphere  half  as  large 
again  is  attached  to  the  first  by  a  string,  the  two  spheres  float 
at  rest  below  tiie  surface  of  the  fluid  ;  shew  that  the  specific 
gravity  of  one  sphere  is  6  times  greater  than  Uiat  of  tho 
other. 


BODIES  UNDER   THE  ACTION  OF  FLUIDS.      47 

(47)  A  piece  of  copper  (s.  g.  =  8"85)  weighs  887  grains  in 
water,  and  910  grains  in  alcohol ;  find  the  specific  gravity  of 
the  alcohol. 

(48)  A  uniform  cylinder,  when  floating  vertically  in  water, 
sinks  a  depth  of  4  inches  ;  to  what  depth  will  it  sink  in  alcohol 
of  specific  gravity  079  ? 

(49)  A  compound  of  silver  (s.  g.  =  10'4)  and  aluminium 
(s.  G.  =  2"6)  floats  half  immersed  in  a  vessel  of  mercury  (s.  G.= 
135).  What  weight  of  silver  is  there  in  10  lbs.  of  the  com- 
pound ? 

(50)  An  iron  rod  weighing  10  lbs.  is  supported  by  means  of 
a  string,  one-half  of  the  rod  being  immersed  in  water.  What 
force  is  exerted  by  the  string,  the  specific  gravity  of  iron  being 
7-81 

(51)  A  piece  of  silver  weighing  1  oz.  in  air  weighs  "905  oz. 
in  water,  what  is  its  specific  gravity  ] 

(52)  Two  bodies  weighing  in  air  1  and  2  lbs,  respectively 
are  attached  to  a  string  passing  over  a  smooth  pulley ;  the 
bodies  rest  in  equilibrium  when  they  are  completely  immersed 
in  water.  If  the  specific  gravity  of  the  first  body  be  twice  that 
of  water,  find  the  specific  gravity  of  the  second. 

(53)  A  cylinder  9  inches  in  height,  specific  gravity  \,  floats 
in  water  with  its  axis  vertical ;  find  the  height  of  the  surface  of 
the  cylinder  above  the  surface  of  the  water. 

(54)  Shew  that  if  each  division  of  the  stem  of  the  common 

hydrometer  contains  — th  part  of  the  bulk  of  the  hydrometer, 

the  ratio  of  the  specific  gravities  of  two  fluids,  in  which  the 
hydrometer  floats  with  x  and  y  divisions  of  the  stem  out  of  the 
fluid  respectively,  is  equal  Xjam  —  y.ifn—x. 

(55)  To  a  body  which  weighs  3  lbs.  in  air  a  piece  of  lead 
which  weighs  5|  lbs.  in  air  is  attached,  and  the  two  together 
weigh  \\  lbs.  in  a  fluid  whose  specific  gravity  is  4.  Find  the 
specific  gravity  of-the  body,  that  of  lead  being  11. 

(56)  A  substance  weighs  10  oz.  in  water  and  15  oz.  in  alco- 
hol, the  specific  gravity  of  which  is  -7947  times  that  of  water : 
find  the  number  of  cubic  inches  in  the  substance,  taking  the 
weight  of  a  cubic  foot  of  water  as  1000  oz. 
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(57)  A  block  of  ice,  the  volume  of  which  is  a  cubic  yard, 
is  observed  to  float  with  2^-tlis  of  its  volume  above  the  surface, 
and  a  small  piece  of  granite  is  seen  embedded  in  the  ice  ;  find 
the  size  of  the  stone,  the  specific  gravities  of  ice  and  gi-aniie 
being  respectively  '918  and  265. 

(58)  A  cubical  block  of  wood  weighs  12  lbs. ;  the  same 
bulk  of  water  weighs  320  oz. ;  what  part  of  the  wood  will  be 
below  the  surface  when  it  floats  in  water  ? 

(59)  A  board  3  inches  thick  sinks  2|  inches  in  water  :  what 
will  a  cubic  foot  of  the  same  wood  weigh,  if  a  cubic  foot  of 
water  weigh  1000  oz.  ? 

(60)  The  specific  gravity  of  beech-wood  is -85.  What  por- 
tion of  a  cubic  foot  of  that  wood  will  be  immersed  in  sea  water 
whose  specific  gravity  is  r03  ? 

(61)  A  cubical  iceberg  is  100  feet  above  the  level  of  the 
sea,  its  sides  being  vertical.  Given  the  specific  gravity  of  sea 
water=r0263  and  of  ice  =  "9214,  find  the  dimensions  of  the 
iceberg. 

(62)  If  a  body  of  weight  W  float  with  three-quarters  of 
its  volume  immersed  in  fluid,  what  will  be  the  pressure  on  a 
hand  which  just  keeps  it  totally  immersed  ? 

(63)  Two  hydrometers  of  the  same  size  and  shape  float  in 
two  difierent  fluids  with  equal  portions  above  the  surfaces  ;  and 
the  weight  of  one  hydrometer  :  that  of  the  other  : :  m  :  w  ;  com- 
pare the  specific  gravities  of  the  fluids. 

(64)  A  hydrometer,  loaded  with  40  grains,  sinks  4  inches 
lower  when  floating  in  a  fluid  whose  specific  gravity  is  '3  than 
in  water  ;  without  the  weight  it  rises  in  the  water  one-twelfth 
of  an  inch  higher  :  find  the  weight  of  the  hydrometer. 

(65)  If  the  volume  between  two  successive  graduations  on 
the  stem  of  a  hydrometer  be  Tfi^fny^^  P^''*'  ^^  ^^^  whole  bulk,  and 
it  floats  in  distilled  water  with  20  divisions,  and  in  sea  water 
with  46  divisions,  above  tiie  surface ;  find  the  specific  gravity 
of  sea  water. 

(66)  A  piece  of  lead  is  found  to  weigh  13  lbs.  in  water,  and 
when  a  block  of  wood  weighing  6lbs.  is  attached  to  it  the  two 
together  weigh  S  lbs.  in  water.  Find  the  specific  gravity  o^ 
the  wood. 
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(67)  What  is  the  weight  of  a  hydrometer  which  sinks  as 
deep  in  rectified  spirits,  specific  gravity  '866,  as  it  sinks  in  water 
^^hen  loaded  with  67  grains  ] 

{%'^  The  weight  of  a  body  A  in  water  of  specific  gravity 
=  1  is  10  oz.,  o/  anolhe/  body  B  in  air  whose  specific  gravity 
=  •0013  is  15  oz.;  whWe  A  and  B  connected  together  weigh 
11  oz.  in  waiek-:  show  tl'ut  the  specific  gravity  of  B  is  r0713. 

(69)  A  snbsvanco  'weighs  20 oz.  in  wiiter  and  25  oz.  in  alco- 
hol, the  specific  gr-avity  of  which  is  '7947  times  that  of  water  ; 
find  the  number  ui  cubic  inches  in  the  substance,  taking  the 
weight  of  a  cub^c  foot;  ( I  water  as  1000  oz. 


8.n. 


CHAFl'ER  V. 


On  the  Properties  of  Air, 

69.  The  thin  and  transparent  fluid  which  surrounds  us  on 
all  sides,  and  which  we  call  the  Air  or  the  Atmosphere,  is  a 
material  body  which  possesses  weight  and  resists  compression. 
We  can  prove  by  experiment  that  even  a  small  mass  of  air 
has  an  appreciable  weight,  by  exhausting  the  air  from  a  glass 
vessel  (by  a  process  which  we  shall  describe  in  the  next 
article).  We  then  find  that  the  vessel  weighs  less  than  it 
weighed  before  the  air  was  taken  out  of  it. 

That  the  air  resists  compression  is  evident  from  the  force 
required  to  drive  down  the  piston  of  a  syringe  when  the  open 
end  is  closed. 

Every  body  exposed  to  the  atmosphere  is  subject  to  a 
pressure  of  nearly  15  pounds  on  each  square  inch  of  its 
surface.  We  feel  no  inconvenience  from  this  great  pressure, 
because  the  solid  parts  of  our  bodies  are  furnished  with  incom- 
pressible fluids,  capable  of  supporting  great  pressures,  while 
the  hollow  parts  are  filled  with  air  like  that  which  surrounds 
us.  Also,  since  the  atmosphere  acts  equally  on  all  parts  of  our 
bodies,  we  have  no  difficulty  in  moving. 
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70.    Hawksbee^s  or  the  common  Air  Pump. 


AB  and  DE  are  two  pistons  with  valves  opening  upwards, 
which  are  worked  up  and  down  two  cylindrical  barrels  by 
means  of  the  toothed  wheel  W  in  such  a  way  that  one 
piston  descends  as  the  other  ascends.  The  barrels  com- 
municate, by  means  of  valves  at  C  and  F  opening  upwards, 
with  a  pipe  leading  into  a  strong  glass  vessel  V  called  the 
receiver. 

Suppose  5  to  be  at  its  lowest  position  and  therefore  E  at 
its  highest  position.  Then  as  B  ascends  the  valve  at  B  closes, 
and  the  air  in  the  receiver  and  pipe  opens  C  and  expands 
itself  in  the  barrel.  As  soon  as  B  begins  to  ascend  E  begins 
to  descend,  the  valve  at  E  opens,  the  valve  at  F  remains 
closed. 

The  air  which  before  occupied  the  receiver  and  pipe,  now 
occupies  the  receiver,  the  pipe,  and  one  of  the  barrels,  and  is 
therefore  rarefied. 

Now  let  the  wheel  be  turned  back :  then  as  E  ascends  the 
valve  at  E  closes  and  F  is  opened,  and  meanwhile  B  is  opened 
as  it  descends,  and  C  being  closed,  a  quantity  of  the  rarefied 
air  is  taken  from  the  receiver  and  pipe. 

This  process  may  be  continued  till  the  air  in  the  receiver 
is  80  rarefied  that  it  cannot  lift  the  valves  at  C  and  F,  and 
then  tlie  action  of  the  instrument  must  cease. 

4—2 


53 


ON  THE  PROPERTIES  OF  AIR, 


71.    SmeatorCs  Air  Pump. 


c 


Y 


D 


AC  is  B,  cylindrical  barrel  communicating  with  a  strong 
vessel  Z>  called  the  receiver.  At  A  and  C,  the  ends  of  the 
barrel,  are  valves  opening  upwards. 

A  piston  with  a  valve  B  opening  upwards  works  up  and 
down  the  barrel.  Suppose  the  piston  to  be  in  its  lowest 
position.  Then  as  the  piston  ascends,  the  pressure  of  the  air 
being  removed  from  the  upper  surface  of  the  valve  at  C,  the 
air  in  DC  opens  C  and  expands  into  the  barrel,  while  the 
valve  at  B  is  closed  by  the  pressure  of  the  atmospliere. 

Thus  a  quantity  of  air  is  drawn  away  from  the  receiver. 
As  soon  as  the  piston  begins  to  descend,  the  valve  at  A  is 
closed,  B  opens  and  C  is  closed,  and  no  external  air  comes 
into  the  barrel  or  receiver. 


When  the  piston  again  ascends  the  air  in  the  barrel  i^ 
again  drawn  out. 
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The  only  limit  to  the  exhaustion  of  the  air  by  this  pump 
arises  from  the  difficulty  in  making  the  piston  come  into  close 
contact  with  the  valves  at  A  and  C. 


Note.  The  advantage  of  Sraeaton's  Air  Pump  is  that  since 
the  valve  at  A  closes  as  soon  as  the  piston  begins  to  descend 
it  relieves  B  from  the  pressure  of  the  atmosphere,  and  the 
valve  at  B  is  opened  by  a  very  slight  pressure  from  the  air 
beneath.  Hence  this  pump  is  capable  of  producing  a  greater 
degree  of  exhaustion  than  Hawksbee's. 

72.  To  find  the  density  of  the  air  in  the  receiver  of 
Smeaton's  Air  Pump  after  n  ascents  of  the  piston. 

Let  the  measures  of  the  capacities  of  the  receiver  and  the 
barrel  be  respectively  x  and  y. 

Then  the  air  which  occupied  the  space  whose  measnre  is  x 
when  the  piston  was  at  (7,  will  occupy  the  space  whose  measure 
is  ar  +  2/  when  the  piston  comes  to  Aj 

.  density  after  one  ascent  _     x 
density  at  first  ~  x  +  y'' 


:.  density  after  one  ascent  =    — - .  (density  at  first). 

Similarly, 

density  after  second  ascent  = .  (density  after  one  ascent) 

X  +  7J  •'  ' 

and  so  on ; 
.*.  density  after  wth  ascent  =  (  j  .  (density  at  first). 

The  same  formula  is  applicable  to  Hawksbee's  Air  Punip, 
if  J?  represent  the  measure  of  the  capacity  of  the  receiver  and 
pipe,  and  y  the  measure  of  the  capacity  of  each  of  tlie  barrels. 
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73.    Tlie  Barometer. 


^Pi 


The  Barometer  is  an  instrument  for  measuring  the  pressure 
of  the  atmosphere. 

If  we  take  a  glass  tube  about  32  inches  long,  open  at  A 
and  closed  at  B,  and  fill  it  with  mercury :  if  we  tlien  close  the 
end  -4,  invert  the  tube,  place  it  in  a  vessel  full  of  mercury, 
called  the  basin,  and  then  remove  the  stoppage  from  A,  the 
mercury  in  the  tube  will  sink  a  little,  leaving  a  vacuum  in  BCy 
and  resting  when  the  height  of  the  column  CD,  that  is,  the 
distance  of  the  surface  of  the  mercury  in  the  tube  from  the 
surface  of  the  mercury  in  the  basin,  is  from  28  to  31  inches. 

That  the  column  CD  is  supported  by  the  pressure  of  the 
atmosphere  may  be  shewn  by  placing  the  instrument  under 
the  receiver  of  an  air  pump.  Then  as  the  air  is  exhausted* 
the  n)ercui7  will  sink  in  the  tube,  and  if  all  the  air  could  be 
pumped  out  the  mercury  would  sink  entirely  into  the  vessel. 
This  experiment  proves  that  the  pressure  of  the  air  on  the 
exposed  surface  of  the  mercury  in  the  basin  sustains  the  column 
of  mercury  in  the  tube. 
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74.  To  shew  tJiat  the  pressure  of  the  atmospltere  is  ac- 
curately represented  by  the  weight  of  the  column  cf  mercury 
in  the  Barometer. 


Take  in  the  surface  of  the  mercury  in  the  basin  an  area  M 
equal  to  the  area  of  the  horizontal  section  of  the  tube  at  D. 

Then  area  M=  area  of  the  base  of  the  column  of  mercury 
in  the  tube,  and  since  these  areas  are  equal  and  in  the  same 
horizontal  plane,  the  pressures  on  them  are  equal. 

Now  pressure  downwards  on  J/ = atmospheric  pressure  on 
area  Jf ,  and  pressure  downwards  at  2>  =  weight  of  column  of 
mercury  CD. 

Therefore  the  atmospheric  pressure  on  area  M  is  equal  to 
the  weight  of  the  column  of  mercury  CD. 

It  follows  then  that  the  atmospheric  pressure  on  any  area 
is  equal  to  the  weight  of  the  column  of  mercury  in  the 
barometer,  having  the  same  area  for  its  base. 

Consequently  the  weight  of  the  column  of  mercury  in  the 
barometer  is  the  proper  representative  of  the  pressure  of  the 
atmosphere  on  a  given  surface. 
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75.     Hence   it   follows   that   the   height  of    the  column 
of  mercury    in    the    barometer    is    pro- 
portional to  the  pressure  of   the    atmo- 
sphere. 


If  then  we  have  a  vertical  tube  of  uni- 
form bore  filled  up  to  the  level  Z>  with 
mercury,  if  D  be  exposed  to  the  atmo- 
spheric pressure  and  if  M  be  some  other 
level  in  the  tube,  and  if  h  be  the  height  of 
the  barometric  column, 


—  J} 


U 


pressure  at  D  _   weight  of  a  column  of  mercury  of  hciglit  h 
pressure  at  AI  ~  weight  of  a  col.  of  mercury  of  height  (A  -i-  DM) ' 


h  +  DM' 


76.    To  find  the  Atmospheric  Pressure  on  a  Square  Inch, 

The  pressure  of  the  atmosphere  on  a  square  inch  is  deter- 
mined by  finding  the  weight  of  a  column  of  mercury  whose 
base  is  a  square  inch  and  whose  height  is  the  same  as  the 
height  of  the  column  of  mercury  in  the  barometer. 

Taking  the  specific  gravity  of  mercury  as  136,  the  weight 
of  a  cubic  foot  of  distilled  water  as  1000  oz.,sand  the  height  of 
the  barometric  column  at  the  level  of  the  sea  as  30  inches,  we 
have  pressure  of  atmosphere  on  a  square  inch 


X  1  X  1  X 


1000 

1728 


X  13-6^ 


ounces, 


30x1000x136 
-1728^10-"'^^^^^' 


=  236^  ounces, 
=  14}£51bs. 
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77.  In  estimitins:  tho  pressure  at  a  point  in  the  interior 
of  fluid  exposed  to  tho  atmospheric  pressure,  we  must  add 
to  tho  pressure  on  a  unit  of  area  containing  the  point  the 
atmospheric  pressure  on  a  unit  of  area. 

Suppose  for  instance  wo  have  to  find  the  pressure  at  a 
depth  of  100  feet  in  a  lake,  (1)  neglecting  atmospheric  pressure, 
(2)  taking  the  atmospheric  pressure  into  account. 

Take  a  square  inch  as  the  unit  of  area :  then 

(1)  Pressure  at  depth  of  100  feet  on  a  square  inch 

=  weight  of  a  column  of  water  100  feet  in 
height,  resting  on  a  base  of  a  square  inch 

=  weight  of  a  column  of  water  whose  cubic 
content  is  (100  x  12  x  1  x  1)  cubic  inches 

-(in-:--)- 

_ 1200 X 1000  , 

~   1728x16    ^^^' 

2Q 
=  43^1bs. 

(2)  Pressure  at  depth  of  100  feet  on  a  square  inch 

=  r43^2  +  l^)l'^s.  nearly, 

29 
=  58  ;r^  lbs.  nearly. 

78.  Tile  Atmosphere  is  most  dense  at  the  surface  of  the 
Earth,  and  its  density  diminishes  with  its  height.  Hence  as 
one  ascends  a  mountain  the  weight  of  the  incumbent  air  is 
diminished,  and  the  mercury  in  the  barometer  sinks.  Thus 
the  barometer  furnishes  a  means  of  ascertaining  approximately 
the  height  of  a  mountain. 

79.  A  Barometer  might  be  formed  with  any  fluid,  but 
mercury  is  prefen-ed  to  other,  fluids  because  of  its  great 
density.  A  Water-barometer  must  have  a  tube  of  great 
length,  since  the  atmosphere  supports  a  column  of  water  m  ore 
than  13  times  as  high  as  the  column  of  mercury  supported  in 
the  mercurial  barometer. 
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80.  The  pressure  of  a  given  quantity  of  air,  at  a  given 
temperature,  varies  inversely  as  the  space  it  occupies. 

The  following  proof  by  experiment  establishes  the  truth  of 
this  law. 

ABG  is  a  bent  tube,  cylindrical,  uniform  and  vertical.  The 
branch  ^J5  is  much  longer  than  the  branch  BC.  The  ends 
are  open. 

Mercury  is  poured  drop  by  drop  into  the  end  A  till  the 
surface  of  the  mercury  in  the  two  branches  stands  at  the 
same  level  at  P  and  Q,     The  end  C  is  then  closed. 

Then  the  pressure  of  air  in  CQ  =  the  atmospheric  pressure. 


Let  mercury  be  again  poured  in  at  A,  (the  effect  of  which 
is  to  compress  the  air  in  CQ,)  till  the  surface  of  the  mercury  in 
the  shorter  branch  stands  at  li,  halfway  between  C  and  Q. 

It  is  then  found  that  the  mercury  in  the  longer  branch 
will  stand  at  a  point  Z>,  such  that  the  length  of  the  column  of 
mercury  DM  (M  being  level  with  li)  is  exactly  equal  to  the 
height  of  the  barometer  at  the  time  of  making  the  experiment. 
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Now  pressure  at  illf=  pressure  at  R. 

But  pressure  at  M=  weight  of  column  of  mercury  DM 
+  pressure  of  atmosphere  at  i>, 

=  atmospheric  pressure  +  atmospheric 
pressure  =  twice  the  atmospheric 
pressure ; 

/.  pressure  of  the  air  in  GR  =  twice  the  atmospheric  pressure. 


Hence  the  pressure  of  the  air  in  CR  is  twice  as  gre^t  as 
was  the  pressure  of  the  air  in  CQ. 

That  is,  when  the  given  quantity  of  air  in  CQ  has  been 
compressed  into  half\h&  space,  the  pressure  of  the  compressed 
air  is  twice  as  great  as  it  was  at  first. 

81.  The  proof  given  in  the  preceding  Article  may  be  put 
in  a  more  general  form,  R  being  any  point  between  C  and  Q, 
thus:— 

Let  mercury  be  again  poured  in  at  A  till  the  surface  of 
the  mercury  stands  at  D  and  R  in  the  branches,  and  let  M  bo 
level  with  R. 

Til  en  it  is  found  that  if  the  spaces  CQ,  GR  successively 
occupied  by  the  air  be  measured,  and  if  h  be  the  height  of 
the  barometer  at  the  time  of  performing  the  experiment, 

spaceCQ  _  h  +  DM 

space  GR  ~       h 

Now  it  is  clear  by  Art.  75, 

pressure  supporting  air  in  GQ  h 


pressure  supporting  air  in  GR     h  +  DM* 

.  pressure  of  air  in  GQ  _  GR 
pressure  of  air  in  CR  "  GQ' 
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Cor.     Hence  V7e  can  shew  that  the  elastic  force  of  air 
Taries  as  its  density. 

For  since  the  same  quantity  of  air  is  confined  in   (7Q 
and  CR 
density  of  air  in  CR  :  density  of  air  in  CQ 

::  CQ  :  CR 

::  pressure  of  air  in  6"^  :  pressure  of  air 
mCQ. 

82.     The  Condenser. 


AG  is  a.  cylindrical  barrel  with  a  valve  at  the  bottom,  C, 
opening  downwards  into  a  vessel  B,  called  the  receiver.  A 
piston  with  a  valve  A,  opening  downwards,  works  in  the 
barrel. 

Suppose  the  piston  to  be  at  the  top  of  the  barrel.  When 
the  piston  descends,  the  air  in  the  barrel  being  condensed 
closes  the  valve  at  A,  and  opens  the  valve  at  C.  Thus  the 
air  which  was  contained  in  the  barrel  is  forced  into  the 
receiver.  When  the  piston  is  raised  again,  the  denser  air  in 
B  keeps  the  valve  at  C  closed,  while  the  pressure  of  the 
atmosphere  opens  A,  and  the  barrel  is  refilled  with  at- 
mospheric air,  which  is  forced  into  the  receiver  at  the  next 
descent  of  the  piston. 

The  process  may  be  continued  till  the  required  quantity 
of  air  has  been  forced  into  B. 
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S3.  To  find  the  density  of  the  air  after  n  descents  of  the 
piston. 

Let  X  and  y  be  the  measures  of  capacities  of  the  receiver 
and  barrel  respectively. 

Then  the  air  which  occupied  the  space  whose  measure  is 
x  +  y,  when  the  piston  was  at  the  top  of  the  barrel,  will  occupy 
the  space  whose  measure  is  x  v;hen  the  piston  comes  to  the 
bottom  of  the  barrel ; 

density  of  air  in  receiver  after  one  descent  _x-vy 
density  of  air  at  first  ~     x    ' 

.'.  densityof  air  after  one  descent  =  —  -  .  (density  of  air  at  first). 

X 

Similarly, 

density  after  second  descent =^ — -  .  (density  of  air  at  first) 

and  so  on ; 

*.  density  after  wth  descent  =  — — .  (density  of  air  at  first). 


Examples. — V. 

(1)  If  the  capacity  of  the  receiver  in  Smeaton's  Air  Pump 
be  ten  times  that  of  the  barrel,  what  will  be  the  exhaustion 
produced  by  six  strokes  of  the  piston  ? 

(2)  Find  the  pressure  of  the  air  in  the  receiver  of  an  Air 
Pump  after  two  strokes  of  the  piston,  the  volume  of  the 
receiver  being  eight  times  that  of  the  barrel. 

(3)  Find  the  ratio  of  the  volume  of  the  receiver  to  that  of 
the  ban-el  in  the  Air  Pump,  if  at  the  end  of  the  third  stroke 
tlie  density  of  the  air  in  the  receiver  :  the  original  density 
::  729  :  lUOO. 


62  ON  THE  PROPERTIES  OF  AIR. 

(4)  Is  -it  necessary  that  the  section  of  the  tube  through 
which  the  mercury  rises  in  the  barometer  should  be  the  same 
throughout  ? 

(5)  Assuming  that  a  cubic  foot  of  water  weighs  1000  oz. 
and  a  cubic  inch  of  mercury  weighs  7|  oz.,  find  the  pressure 
on  a  square  inch  at  a  depth  of  90  feet  below  the  surface  of  the 
sea,  when  the  barometer  stands  at  30  inches. 

(6)  If  the  area  of  a  section  of  the  basin  of  a  barometer  be 
10  times  that  of  a  section  of  the  tube,  and  the  mercury  fall  1^ 
inches  in  the  tube,  find  the  true  variation  in  the  height  of  the 
mercury,  and  draw  a  figure  representing  the  instrument. 

(7)  If  a  hole  were  made  in  the  tube  of  a  barometer,  what 
would  be  the  eflfect  ? 

(8)  If  the  weight  of  the  column  of  mercury  which  is  above 
the  exposed  surface  in  a  barometer  be  an  ounce,  and  the  area 

of  the  transverse  section  of  the  tube  —  of  a  square  inch,  what 

is  the  pressure  of  the  atmosphere  on  a  square  inch  ? 

(9)  "When  the  mercurial  barometer  stands  at  30  inches, 
what  will  be  the  height  of  the  column  in  a  barometer  filled 
with  a  fluid  of  specific  gravity  3'4,  the  specific  gravity  of  mer- 
cury being  136  ? 

(10)  If  a  piece  of  iron  float  in  the  mercury  contained  in 
the  tube  of  a  barometer,  will  it  have  any  effect  on  the  indica- 
tion of  the  instrument  ? 

(11)  If  a  body  were  floating  on  a  fluid,  with  which  the  air 
was  in  contact,  and  the  air  were  suddenly  removed,  would  the 
body  rise  or  sink  in  tl;e  fluid  ? 

(12)  What  would  be  the  effect  of  admitting  a  little  air 
into  the  upper  part  of  the  tube  of  the  Barometer  ] 

(13)  A  pipe  carries  rain  water  from  the  top  of  a  house  to 
a  large  tank,  the  surplus  water  in  which  escapes  through  a 
valve  in  the  top  which  rises  freely.  A  weight  of  21  lbs  is 
placed  on  it,  and  it  is  found  that  the  water  rises  in  the  pipe 
to  the  height  of  20  feet  before  the  valve  opens.  Find  its  area, 
assuming  that  the  height  of  the  Water- Barometer  is  34  feet 
fUid  the  atmospheric  pressure  15  lbs.  on  the  square  inch. 
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(14)  A  cylinder  filled  with  atmospheric  air,  and  closed  by 
an  air-tight  piston,  is  sunk  to  the  depth  of  500  fathoms  in  the 
sea;  required  the  compression  of  the  air,  assuming  the  specific 
gravity  of  sea- water  to  bo  1027,  the  specific  gra\'it'y  of  mercury 
13'57,  and  the  height  of  the  barometer  30  inches. 

(15)  A  barometer  is  sunk  to  the  depth  of  20  feet  in  a 
lake:  find  the  consequent  rise  in  the  mercurial  column,  the 
specific  gravity  of  mercury  being  13*67. 

(16)  If  a  body,  exposed  to  the  pressure  of  the  air,  float  in 
water,  prove  that  it  will  rise  very  slightly  out  of  the  water  as 
the  barometer  rises,  and  sink  a  little  deeper  as  the  barometer 
falls. 

(17)  Water  floats  on  mercury  to  the  depth  of  17  feet ; 
compare  the  atmospheric  pressure  with  the  pressure  at  a  point 
15  inches  below  the  surface  of  the  mercury,  taking  into  ac- 
count the  atmospheric  pressure  on  the  surface  of  the  water, 
having  given  that  the  heights  of  the  mercurial  and  water 
barometers  are  30  inches  and  34  feet  respectively. 

(18)  Explain  clearly  why  a  balloon  ascends. 

(19)  Explain  how  it  is  that  a  bladder  filled  with  air,  will, 
if  conveyed  deep  enough  in  the  sea,  sink  to  the  bottom. 

(20)  What  would  be  the  height  of  the  column  of  mercury 
(s.  G.=  13'56)  corresponding  to  a  pressure  of  14  lbs.  2  oz.  on 
the  square  inch '/ 

(21)  A  cubical  vessel  full  of  air,  whose  edge  equals  6 
inches,  is  closed  by  a  weightless  piston.  Find  the  number  of 
pounds  which  must  be  placed  on  the  piston  in  order  that  it 
may  rest  in  equilibrium  at  a  distance  of  2  inches  from  the 
bottom  of  the  vessel :  the  pressure  of  the  atmosphere  being 
15  lbs.  on  a  square  inch. 

(22)  The  lower  valve  of  a  pump  is  30  feet  4  inches  above 
the  surface  of  the  water  te  be  raised  :  find  the  height  of  tho 
barometer  when  tlie  pump  ceases  to  work,  the  specific  gravity 
of  mercury  being  13"  6. 
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(23)  It  is  found  that  the  cork  of  a  bottle  is  just  driven  out 
when  the  pressure  (»f  the  air  within  is  double  that  without;  the 
bottle  is  then  filled  with  mercury  and  inverted,  and  it  is  again 
found  that  the  cork  is  just  driven  out.  Given  that  the 
barometer  was  standing  at  30  inches  at  the  time,  find  the 
height  of  the  bottle. 

(24)  Find  the  ratio  of  the  volume  of  the  receiver  to  that 
of  the  barrel  in  a  Condenser,  if  at  the  end  of  the  third  stroke 
the  density  of  the  air  in  the  receiver  :  its  original  density 
::  3  :  2. 

(25)  A  hollow  cylinder  closed  at  the  upper  end  and  open 
at  the  lower  is  depressed  from  the  atmosphere  into  water,  its 
axis  being  kept  vertical,  and  is  found  to  float  with  its  upper 
end  in  the  surface  of  the  water.  What  will  be  the  effect  on 
the  cylinder  of  an  increase  of  atmospheric  pressure  ? 

(26)  If  the  volume  of  the  cylinder  in  a  Condenser  be  one- 
fifth  the  volume  of  the  receiver,  find  the  pressure  at  any 
point  of  the  latter  after  20  strokes. 

(27)  The  pressure  at  the  bottom  of  a  well  is  double  that 
at  the  depth  of  a  foot ;  what  is  the  depth  of  the  well  if  the 
pressure  of  the  atmosphere  be  equivalent  to  30  feet  of  water  ? 

(28)  A  cubic  foot  of  water  weighs  1000  oz. ;  what  will  be 
the  pressure  on  each  square  inch  of  the  base  of  a  cube  whose 
edges  are  10  inches,  when  filled  with  water  % 

(29)  A  cubic  foot  of  water  weighs  1000  ounces,  and  the 
pressure  of  the  air  on  a  square  inch  is  236  ounces ;  find  the 
pressure  on  16  square  inches  at  a  depth  of  9  feet  below  the 
surface  of  a  pond. 

(30)  If  A^  B,  C,  be  three  points  in  a  uniform  fluid  at  ro^t, 
the  three  points  being  in  the  same  vertical  line,  and  the  dif- 
ference of  the  pressures  at  A  and  D :  difference  of  the  pres- 
sures at  A  and  (7  as  ^  :  q,  find  the  ratio  of  AB  to  BG. 

(31)  Exj^lam  the  principle  of  the  Air-gun. 
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(32)  If  the  area  of  the  basin  of  a  barometer  be  17  times 
that  of  a  section  of  the  tube,  how  ought  the  si  cm  to  be  gradu- 
ated in  order  that  tlie  reading  may  give  the  true  height  r-f  the 
barometer  ? 

(33)  If  the  specific  gravity  of  mercury  be  13'57,  and  the 
weight  of  a  cubic  inch  of  water  252  6  grains,  find  the  pressure 
of  the  air  on  a  square  inch  in  lbs.,  when  the  mercury  in  the 
b'arometer  stands  at  30*5  inches. 

(34)  If  the  tube  of  a  barometer  be  36  inches  long,  and,  on 
account  of  air  being  in  the  upper  part,  the  instrument  stands 
at  27  inches,  when  a  correct  instrument  stands  at  30  inches, 
what  length  of  tube  would  the  air  fill  when  reduced  to  atmo- 
spheric density  ? 

(35)  The  specific  gravity  ot  the  weights  employed  by 
jewellers,  for  weighing  precious  stones,  is  greater  thin  tiiat  of 
the  stones  themselves.  Is  it  more  advantageous  for  the  jeweller 
to  sell  stones  when  the  barometer  is  high,  or  when  it  is  low  ? 

(36)  A  tube  closed  at  both  ends  and  28  inches  long  is  half 
filled  with  mercury,  the  remaining  portion  being  occupied  with 
air  at  atmospheric  pressure.  If  the  tube  be  placed  in  a  verti- 
cal position  with  the  mercury  uppermost,  and  the  upper  end 
be  opened,  find  how  far  the  mercury  will  sink,  the  height  of  the 
barometer  at  the  time  being  28  inches. 


8:    H. 


CHAPTER  VI. 

On  the  Application  of  Air, 


84     The  Diving  BeU. 


If  a  glass  be  inverted,  and  with  its  mouth  horizontal  be 
pressed  down  into  a  basin  of  water,  it  will  be  seen  that  though 
some  portion  of  water  ascends  into  the  glass,  the  greater  part 
of  the  glass  is  without  water. 

This  is  caused  by  the  compression  of  the  air,  which  prevents 
the  water  from  rising  in  the  glass. 

The  Diving  Bell  works  on  the  same  principle.  A  heavy 
iron  chest  BOED,  open  at  DE,  is  suspended  from  a  rope  A, 
and  lowered  into  the  water,  with  its  open  end  downwards. 
The  water  will  then  rise  till  the  air  in  the  chest  is  sufficiently 
compressed  to  prevent  the  water  from  rising  beyond  a  certain 
height  MN. 

Air  is  pumped  in  occasionally  through  a  pijie  P,  and  the 
Impure  air  is  allowed  to  escape  through  another  pipe  Q. 
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86.     The  Common  or  Suction  Pump. 


^5  is  a  cylindrical  barrel  in  which  a  piston  P,  with  a  valve 
opening  upwards,  is  worked  up  and  down  by  the  handle  R. 
BC  is  a  pipe,  communicating  with  the  barrel  by  a  valve,  open- 
ing upwards.  The  end  C,  which  is  pierced  with  a  number  of 
small  holes,  is  placed  under  the  surface  of  the  water  which  is 
to  be  raised. 

Suppose  the  piston  to  be  at  the  bottom  of  the  barrel. 
Then  when  the  piston  is  raised  the  valve  P  is  closed  by  the 
pressure  of  the  air  on  its  upper  surface,  and  there  being 
little  or  no  air  in  PB,  the  valve  B  is  opened  by  the  action 
of  the  air  in  BG,  and  as  it  continues  open  during  the  whole  as- 
cent of  the  piston,  the  air  in  BH,  the  part  of  the  suction-pipe 
above  the  surface  of  the  water,  expands  into  the  barrel,  and 
becomes  less  dense  than  the  air  which  presses. on  the  water 
outside  the  suction-pipe.  The  water  is  consequently  forced  up 
the  pipe  by  the  pressure  of  the  atmosphere,  till  the  pressure 
downwards  at  H  is  equal  to  the  atmospheric  pressure. 

When  the  piston  descends  the  valve  B  closes,  and  the  air 
in  PB,  being  condensed,  opens  the  valve  P. 

This  process  being  continued,  the  water  will  at  length  rise 
through  the  valve  B,  and  at  the  next  ascent  of  the  piston  a 
mass  of  wat'>r  v^U  be  lifted  and  discharged  through  the 
spout  D. 

5—2 
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The  distance  BH  must  be  less  than  the  height  of  a  colunm 
ot  water  which  the  atmospheric  pressure  can  sustain,  that  is, 
less  than  32  feet. 


86.     The  Forcing  Pump. 


.E 


TI 


AB  is  a  cylindrical  barrel  in  which  a  solid  piston  P  is 
worked  up  and  down  the  space  AF. 

BG  is  a  suction-pipe  of  wHtch  the  end  C  is  placed  under 
the  surface  of  the  water. 

DE  is  a  pipe  communicating  with  the  barrel 
ki  B  and  D  are  valves  opening  upwards. 

Suppose  the  piston  to  be  at  the  bottom  of  its  range  in  the 
barrel    Then  when  the  piston  is  raised  the  valve  at  D  remains 
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closed,  the  air  in  2)5^^  expands  as  the  piston  rises,  and  tlie  air 
in  BH  opens  the  valve  B  and  expands  into  the  barrel.  The 
water  is  tlierefore  forced  up  the  suction-pipe  by  the  pressure 
of  the  atmosphere. 

When  the  piston  descends  the  air  in  PFBD  is  condensed^ 
closes  the  valve  B^  opens  the  valve  D,  and  escapes  through  D. 

When  the  piston  ascends  again  the  water  rises  higher  in 
BG,  and  this  process  is  continued  till  the  water  rises  through 
B.  Then  the  piston  on  its  descent  forces  the  water  up  the 
pipe  DE. 


87.  In  order  to  produce  a  continuous  stream  through  the 
pipe  at  E,  the  pipe  is  introduced  into  an  air-tight  vessel  DH 
into  which  the  valve  D  opens. 


When  the  water  has  been  forced  into  this  vessel  till  it  rises 
above  O,  the  lower  end  of  the  pipe,  the  air  which  lies  between 
the  surface  of  the  water  in  the  vessel  and  the  top  of  the  vessel 
is  suddenly  condensed  at  each  stroke  of  the  piston,  and  by  its 
reaction  on  the  water  forces  it  through  the  pipe  OE  in  a  con- 
tinuous stream. 
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88.     The  Fire  Engine. 


This  machine  consists  of  a  double  forcing-pump,  both 
pumps  communicating  with  the  same  air-vessel  M. 

The  pipe  T  descends  into  a  reservoir  of  water. 

The  valves  opening  upwards  are  at  F,  V  and  /Z,  R, 

F\%2l  fixed  beam  round  which  the  pistwi-rods  work. 

The  water  is  discharged  through  the  pipe  H. 
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89.     The  Lifting  Pump. 


-^^SE^= 


-45  is  a  cylindrical  barrel  in  which  a  piston  with  a  valve  M 
opening  upwards  works,  the  piston  rod  passing  through  an  air- 
tight collar  at  A. 

BO  is  the  suction-pipe  of  which  the  end  C  is  placed  under 
the  surface  of  the  water. 

DE  is  a  pipe  up  which  the  water  is  to  be  raised. 

At  D  and  B  are  valves  opening  upwards. 

The  water  will  be  brought  within  reach  of  the  piston  by  a 
process  similar  to  that  which  has  been  described  in  the  case  of 
the  other  pumps. 

When  the  piston  ascends  lifting  water  the  valve  at  D  opens, 
and  the  water  is  discharged  into  the  pipe  DE.  When  the 
piston  descends,  the  valve  at  D  closes,  and  prevents  the  return 
of  the  water  in  DE  into  the  barrel. 

Each  stroke  of  the  piston  increases  the  quantity  of  water  in 
DE,  and  thus  the  water  may  be  raised  to  any  height,  provided 
that  the  barrel  AB,  the  pipe  ED,  and  the  piston  rod  be  strong 
enough  to  bear  the  pressure  of  the  superincumbent  column  of 
*rater. 
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90.     The  Siphon. 

The  Siphon  is  a  bent  hollow  tube  of  uniform  bore,  having 
one  branch  longer  than  the  other.  The  tube  is  filled  with  fluid, 
the  ends  are  closed,  and  the  shorter  branch  is  placed  in  a  vessel 
containing  fluid  like  that  with  which  the  siphon  is  filled. 

Let  the  plane  of  the  fluid's  surface  meet  the  branches  of  the 
siphon  in  H,  K. 

Then  if  the  ends  A^  G  be  opened  at  the  same  moment,  the 


fluid  will  flow  from  C  in  a  continuous  stream  till  the  vessel  is 
emptied  down  to  the  level  of  A,  provided  that  B,  tlie  highest 
point  of  the  siphon,  is  at  a  less  distance  above  the  surface  of 
the  fluid  than  the  height  of  a  column  of  the  fluid  which  the 
pressure  of  the  atmosphere  will  sustain. 

To  explain  this,  consider  the  pressure  on  an  area  Z>,  equal 
to  the  area  of  a  horizontal  section  of  the  siphon,  in  the  surface 
of  the  fluid  :  then 

pressure  of  atmosphere  at  //in  direction  /T^  =  pressure 
on  area  />, 

pressure  of  atmosphere  at  Cm  direction  C5  =  pressure 

on  area  />, 

.*.  pressure  of  atmosphere  at  //  in  direction  HB  =  pressure 

of  atmosphere  at  C  in  direction  CB. 

Now  pressure  of  atmosphere  at  //  is  diminished  by  the 

weight  of  column  of  fluid  BH,  and  pressure  of  atmosphere  at 

C  is  diminished  by  the  weight  of  column  of  fluid  BC^  and  since 


ON  THE  APPLICATION  OF  AIR. 


73 


the  column  BC  is  greater  than  column  BH,  the  effective  pres- 
sure of  atmospliero  in  direction  HB  is  greater  than  the  eXf'ective 
pressure  of  atmosphere  in  direction  CZ?,  and  therefore  the  fluid 
will  be  driven  by  the  effective  atmospheric  pressure  in  a  con- 
tinuous stream  in  the  direction  HBG. 


91.    On  intermitting  Springs. 

Intermitting  Springs  are  springs  which  run  for  a  time,  then 
stop  for  a  time,  and  then  begin  to  run  again. 

This  phenomenon  is  explained  by  the  principle  of  the 
Siphon. 

Let  ^  be  a  reservoir  in  a  hill  in  which  water  is  gradually 
collected  through  fissures,  as  B,  C7,  2>,  communicating  with  the 
external  air. 


Now  suppose  a  channel  MNR  to  run  from  A,  first  ascend- 
ing to  N  and  then  descending  to  R,  a  place  lower  than  the 
reservoir. 


As  the  water  collects  in  A  it  gradually  rises  in  the  channel 
to  N,  and  then  flows  along  NR,  and  by  the  principle  of  the 
Siphon  it  will  continue  to  flow  till  A  is  completely  drained. 
Then  the  flow  ceases  till  the  watering  has  collected  suflicient- 
ly  to  reach  N. 
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92.     BramaKi  Press. 

The  Hydrostatic  Press,  generally  called  Bramah's  Press,  is 
a  machine  by  which  an  enormous  pressure  is  obtained  by  means 
of  water,  the  only  assignable  limits  to  its  power  being  the 
strength  of  the  materials  of  which  it  is  formed 

^  (7  is  a  forcing-pump,  by  the  action  of  which  water  is  forced 
into  a  tube  BD,  which  has  a  valve  B  opening  inwards. 

^  is  a  strong  cylindrical  piston,  with  a  base  many  times 
larger  than  the  base  of  the  piston  Aj  working  in  a  water-tight 
collar  at  M,  N. 


F[ 


W 


M 


J 


U 


F 


lA 


B\ 


Between  the  top  of  the  piston  E  and  a  fixed  beam  FG,  a 
bale  of  goods,  such  as  paper,  cotton  or  wool,  is  placed. 

Suppose  the  area  of  the  base  of  E  to  bo  200  times  that  of 
the  base  of  A. 

Then  if  a  pressure  of  100  lbs.  be  applied  to  ^,  a  pressure  of 
(200  X  100)  lbs.  or  20,000  lbs.  will  be  conveyed  to  the  base  of  E. 

Thus  any  amount  of  pressure  may  be  a})plied  to  W^  either 
by  increasing  the  pressure  applied  to  yi,  or  by  making  the  base 
of  E  larger  in  comparison  with  the  base  of  A. 
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Examples. — VI. 

(1)  What  will  be  the  effect  of  making  a  small  aperture  in 
the  barrel  of  a  Forcing  Pump  ?  If  the  piston  work  uniformly 
up  and  down  the  length  of  the  barrel,  and  a  small  aperture  be 
made  one- third  of  the  way  up  the  barrel,  how  much  more  time 
than  before  will  be  consumed  in  filling  a  tank  '\ 

(2)  If  the  upward  motion  of  the  piston  of  a  Common 
Pump  be  stopped,  when  the  water  has  risen  to  the  height  of 
16  feet  in  the  supply  pipe,  but  has  not  yet  reached  the  piston, 
find  the  tension  of  the  piston-rod,  the  area  of  the  piston  being 
4  square  inches,  and  the  atmospheric  pressure  15  lbs.  on  the 
square  inch. 

(3)  What  would  be  the  efiect  of  opening  a  small  hole  at 
any  point  in  the  Siphon,  first  above,  secondly  below  the  surface 
of  the  fluid  in  the  vessel  ? 

(4)  What  is  the  greatest  height  above  the  surface  of  a 
spring  over  which  its  water  may  be  carried  by  means  of  a 
siphon-tube,  when  the  barometer  stands  at  29  inches,  the 
specific  gravity  of  mercury  being  13*57  ? 

(5)  What  would  take  place  in  a  siphon  at  work  if  the 
pressure  of  the  atmosphere  were  removed  ? 

(6)  Will  the  siphon  act  better  at  the  top  or  the  bottom  of 
a  mountain  ? 

(7)  Could  a  siphon  be  employed  to  pump  water  out  of  the 
hold  of  a  ship  floating  in  a  harbour  ? 

(8)  What  is  the  greatest  height  over  which  water  can  be 
carried  by  means  of  a  siphon  when  the  mercurial  barometer 
stands  at  30  inches  ? 

(9)  If  the  ends  of  a  siphon  were  immersed  in  two  fluids  of 
the  same  kind  and  the  air  were  removed,  describe  what  would 
take  place. 

(10)  A  hollow  tube  is  introduced  into  the  bottom  of  a 
cylindrical  vessel  through  an  air-tight  collar  ;  and  a  large  tube, 
of  which  the  top  is  closed,  suspended  over  it,  so  as  not  quite  to 
touch  tlie  bottom  :  consider  the  effect  of  gradually  pouring 
water  into  the  cylinder,  until  it  reaches  the  level  of  the  top  oi 
the  inverted  tube. 
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(11)  A  siphou  is  placed  with  one  end  in  a  vessel  full  of 
water,  and  the  otlier  in  a  similar  empty  one,  both  of  which  are 
on  the  plate  of  an  air-pump.  As  soon  as  the  water  has  cover- 
ed the  lower  end  of  the  siphon,  a  receiver  is  put  on,  and  the 
air  rapidly  exhausted,  and  then  gradually  readmitted :  describe 
the  effects  produced. 

(12)  A  siphon,  filled  with  water,  has  its  ends  inserted  in 
vessels  filled  with  water  ;  state  wliat  will  take  place  when  the 
vertical  distances  of  the  highest  point  of  the  siphon  above  the 
surface  of  the  fluid  are  both  le^,  both  greater,  and  one  greater 
and  the  other  less  than  the  height  of  the  Water-Barometer. 

(13)  What  is  the  length  of  the  smallest  siphon  that  cai 
empty  a  vessel  2  feet  deep  ? 


CHAPTER  VIL 


On  the  Thermometer, 


93.  The  general  consequence  of  imparting  heat  to  bodies 
is  the  expansion  of  their  volume. 

The  particles  which  compose  a  solid  body,  as  for  instance  a 
block  of  lead,  are  held  together  by  the  force  of  cohesion.  It 
requires  a  force  of  great  magnitude  to  increase  or  to  decrease 
the  volume  of  a  block  of  lead,  though  lead  is  a  soft  metal. 
The  application  of  heat,  by  weakening  the  force  of  cohesion, 
reduces  lead  and  other  metals  to  a  liquid  state,  pushes  the 
particles  more  widely  apart,  and  thus  increases  the  volume  of 
the  bodies  to  which  it  is  applied. 

If  heat  be  applied  to  a  liquid^  as  water,  the  cohesion  of  the 
particles  is  weakened,  and  they  ultimately  acquire  a  tendency 
to  break  away  from  each  other  and  assume  the  form  of  a 
vapour. 


If  heat  be  applied  to  an  elastic  fluid,  as  air,  it 
causes  it  to  expand.  Thus  if  a  bladder,  partly  full 
of  air,  be  placed  before  a  fire,  the  air  will  expand 
and  distend  the  bladder. 

Again,  if  a  piston  P  exactly  fits  a  cylindrical 

tube  AB,  and  is  supported  by  the  condensed  air 

in  PB,  if  heat  be  applied  to  the  air  in  PB  it  will 

expand  and  raise  the  piston. 

ji 


78  ON  THE  THERMOMETER. 

94.  The  Mercurial  Thermometer  is  an  instrument  con- 
structed to  measure  temperatures  by  means  of  the  extent  of 
the  expansion  or  contraction  of  mercury. 

It  consists  of  a  glass  tube  of  uniform  boro 
closed  at  A  and  terminating  at  the  other  end 
in  a  bulb.  The  bulb  contains  mercury,  which  ex- 
tends part  of  the  way  up  the  tube.  The  space 
between  the  mercury  and  the  top  of  the  tube  is  a 
vacuum. 

If  the  mercury  in  the  instrument  be  subjected 
to  an  increase  of  heat,  it  expands  and  rises  higher 
in  the  tube. 

A  vacuum  is  obtained  in  the  upper  part  of  the 
tube  before  the  end  A  is  closed  by  making  the 
mercury  in  the  instrument  boil,  so  as  to  expel  the 
air  through  the  opening  at  A,  which  is  then  her- 
metically sealed,  and  the  mercury  sinking  as  it  cools  leaves  a 
vacuum  in  the  upper  part  of  the  tube. 

95.  To  graduate  a  Thermometer. 

The  portion  of  the  instrument  containing  the  mercury  is 
plunged  into  melting  ice :  the  mercury  shrinks,  the  column 
descends  and  finally  becomes  stationary.  The  point  at  which 
it  rests  is  marked:  it  is  the  freezing  point  of  the  ther- 
mometer. 

The  instrument  is  next  placed  in  the  vapour  of  water  boil- 
ing under  a  given  atmospheric  pressure :  the  mercury  expands, 
the  column  rises  and  finally  becomes  stationary.  The  point  at 
which  it  rests  is  marked  :  it  is  the  hailing  point  of  the  ther- 
mometer. 

The  space  between  the  freezing  point  and  the  boiling  point 
is  divided  into  equal  spaces,  called  degrees. 

In  the  Centigrade  Thermometer  freezing  point  is  marked 
0*  and  boiling  point  100". 

In  Fahrenheit's  Thermometer  freezing  point  is  marked  32'* 
and  boiling  point  212^ 

In  Reaumur's  Thermometer  freeziDg  point  is  marked  0"  and 
boiling  point  80". 

96.  Having  given  the  number  of  degrees  on  Fahrenheit, 
Thermometer,  to  find  the  corresponding  number  of  degree% 
on  t/ie  Centigrade  Thermometer. 
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>) 


Let  AM  be  the  line  at  which  the  mercury  stands  at  freezing 
point, 

BN at  boiling  point. 


212 


Now 


Then 
-43/ and  -BiVare  marked  0"  and  100°  on  the  Centigrade  scale 
32"  and  2120 Fahrenheit 

Let  the  mercury  stand  at  the  line  PQ^  and  suppose  the 
graduations  on  the  scales  to  be  (7**  and  F^  respectively. 

AP^MQ 
AB     MN' 
G        i^-32 
^*' 100  "  212-32' 

C  _i^-32 
^^100"    180    ' 
C'_i^-32 
•*•  5~      9      ' 
and  from  this  equation  we  can  find  C  when  F  is  given  and  F 
when  C  is  given. 

97.  To  compare  the  scales  of  the  Centigrade  and  Reau- 
mur's Thermometer,  we  proceed  in  the  same  way,  putting  0'\ 
11,  80°  instead  of  32'^,  F^  212**  respectively,  and  we  obtain 

100 ~  80' 
G     R 
^^5  =  1- 
Hence  the  three  scales  are  thus  connected, 
a  ^F-Z1  ^R 
6         9  4* 
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98.  The  following  examples  will  shew  how  to  find  tlio 
uumber  of  degrees  marked  on  any  one  of  the  three  scales  when 
the  number  marked  on  one  of  the  other  scales  is  given. 

Ex.  (1)  What  reading  on  the  Centigrade  scale  corre- 
sponds to  66''  Fahrenheit  ? 

4,.       C     F-32 

and  F=56, 
C7_  56-32 

6"      9       *  • 

.-.  9C=5x24, 

,'.  the  reading  on  the  Centigrade  scale  is  13^  degrees. 

Ex.  (2)  What  reading  on  the  Fahrenlieit  scale  corresponds 
to  14"  Centigrade  1 

Since  C=  14, 

M_F-32 
5  ~      9      ' 
.M26  =  5i^-160, 
:.5F^286, 

that  is,  the  reading  on  the  Fahrenheit  scale  is  57  ]i". 

Ex.  (3)  If  the  sum  of  the  readings  on  a  Centigrade  and  a 
Reaumur  be  90,  what  is  the  reading  on  each  ? 

Here  we  have  two  equations,  from  which  we  can  find  0 

?  =  ^ ill 

5       4  ^^ 

C+R  =  90 (2); 


:.4C=5R   ] 
^+4/2  =  360  J  * 


4(7- 

.•.4i2=  360-622, 
.-.9/2  =  360, 
and  so  72  =  40  and  C=  50. 
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Examples.— VII. 

(1)  Give  the  number  of  degi-ees  in  the  Centigrade  and 
Reaumur's  scale  respectively  that  correspond  to  the  following 
readings  on  Faln-enheit's  scale, 

(1;  30",  (2)  45^  (3)  56«,  (4)  0",  (5)  -T,  (6)  -45". 

(2)  Give  the  number  of  degrees  in  the  Centigrade  and 
Fahrenheit's  scale  respectively  that  correspond  to  the  following 
readings  on  Reaumur's  scale, 

(1)  5",  (2)  20'^,  (3)  0»,  (4)  -18",  (5)  -64«,  (6)  120''. 

(3) .  Give  the  number  of  degrees  in  Fahrenheit's  and 
Rcaunmr's  scales  respectively  that  correspond  to  the  following 
readings  on  the  Centigrade  scale, 

(1)  16",  (2)  45«,  (3)  110«,  (4)  0«,  (5)  - 15»,  (6)  -24*. 

(4)  Is  it  necessary  that  the  section  of  the  tube  through 
which  the  mercury  rises  in  the  Thermometer  should  be  the 
same  throughout  ? 

(5)  If  the  sum  of  the  readings  on  a  Centigrade  and  Fahren- 
heit be  60,  what  is  the  reading  on  each  ? 

(G)  At  what  temperature  will  the  degrees  on  Fahrenheit 
be  five  times  as  great  as  the  corresponding  degrees  on  the 
Centigi-ade  ? 

(7)  At  what  point  do  Fahrenheit  and  the  Centigrade  mark 
the  same  number  of  de  screes  ? 

(8)  Show  how  to  graduate  a  Thermometer  on  whose  scale 
20°  shall  denote  the  freezing  point,  and  whose  80th  degree  shall 
indicate  the  same  temperature  as  80"  Fahrenheit. 

(9)  What  will  be  the  reading  on  the  Centigrade  when 
Fahrenheit  stands  at  78"  ? 

(10)  The  sum  of  tlie  number  of  degrees  indicating  the 
same  temperature  on  the  Centigrade  and  Fahrenheit  is  88, 
find  the  number  of  degrees  on  each. 

(11)  What  reading  on  the  Centigrade  corresponds  to  49" 
Fahrenheit  % 

s.  H.  6 
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(12)  What  would  be  the  iuconvcuieuce  of  having  the  bore 
of  the  Thermometer  large  ? 

(13)  At  what  temperature  will  the  degrees  on  Fahrenheit 
be  3  times  as  great  as  the  corresponding  degrees  Centigi'ade  1 

(14)  The  numbers  of  degrees  indicated  at  the  same  instant 
by  a  Centigrade  and  a  Fahrenheit's  thermometer  are  as  5  :  1 7 ; 
determine  the  temperature. 

(15)  What  is  the  temperature  when  the  number  of  degrees 
on  the  Centigrade  is  as  much  below  zero,  as  that  on  Fahren- 
heit's is  above  zero  ? 

(16)  One  Tiiermometer  marks  two  temperatures  by  9"^  and 
10"  ;  another  Thermometer  by  12"  and  14";  what  will  the  latter 
mark,  when  the  former  marks  1 5"  ? 

(17)  One  Thennometer  marks  two  temperatures  by  8*>  and 
10°  ;  another  Thermometer  by  11"  and  14";  what  will  the  latter 
mark  when  the  former  marks  16"? 

(18)  If  the  difiference  of  the  readings  on  Fahrenheit  and 
Reaumur  be  47,  what  are  the  readings  \  If  the  difference  in- 
crease by  a  given  number  of  degrees,  find  how  much  each  of 
the  thermometers  has  risen. 


CHAPTER  VIII. 


Miscellaneous  Examples. 

99.  We  shall  now  give  a  series  of  examples  to  illustfate 
more  fully  the  principles  explained  in  the  preceding  Chapters. 
The  important  law  of  pressure  in  the  case  of  compressed  air, 
of  which  we  treated  in  Arts.  80,  81,  will  be  referred  to  as 
Marriotte's  Law  *. 


Examples  worked  oui. 

1.  Water  is  770  times  as  heavy  as  air.  At  what  depth 
in  a  lake  would  a  bubble  of  air  be  compressed  to  the  density 
of  water,  swpposhig  Marriotte's  law  to  hold  good  throughout 
for  compression? 

At  the  surface  the  density  =  that  of  atmosphere, 
and  33  feet  of  water  are  equivalent  to  one  atmosphere  ; 
,".  at  depth  of  33  ft.  the  density  =  twice  atmospheric  pressure, 

(2  X  33)  ft =  three  times 

(769x33)  ft =  770  times 

.*.  the  density  will  be  equal  to  that  of  water  at  a  depth  of 
(769  X  33)  ft.  i.  e.,  25377  ft. 


•  It  was  proved  by  the  independent  researches  of  Marriotte,  a  French 
Physician,  and  Boyle,  the  Engl^^H  Philosopher. 
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2.  A  body  iceighs  in  air  1000  grs.,  in  water  300  grs.,  and 
in  atiot/ter  liquid  420 grs.:  what  is  the  specijic  gravity  oftlie 
latter  liquid  ? 

In  water  the  body  loses  (1000 -300) grs.,  i.e.  700 grs., 

in  other  liquid (1000 -420) grs.,  i.e.  580  grs.; 

.-.  equal  volumes  of  water  and  of  the  other  liquid  weigh  re- 
spectively 700  grs.  and  680  grs. 

.-.  measure  of  specific  gravity  of  other  liquid  =  -^= -8^857 14, 

3.  Taking  account  of  atmospheric  pressure^  and  taking 
S3  feet  as  the  height  of  the  water  barometer,  at  what  depth 
in  a  lake  is  the  pressure  twice  what  it  is  at  a  depth  of  one 
yard  ? 

Pressure  at  the  surface = weight  of  column  of  water  33  ft.  high, 
Pressure  at  3ft.  depth  =  weight  of  column  of  water  36ft.  high; 
.'.  for  a  double  pressure  we  must  take  36  feet  lower,  that  is, 
36  feet  lower  than  3  feet,  or  39  feet  from  the  surface. 

4.  A  flat  piece  of  iron,  weighing  3  lbs.,  floats  in  mercury; 

and  if  another  piece  of  iron  of  like  density  weighing  2  —  lbs. 

is  placed  upon  it,  the  flat  piece  is  just  immersed.  Compare 
the  specific  gravities  of  iron  and  mercury. 


2l»«- 


Total  weight  of  iron  =  (  3  +  2       )  lbs.  =  5 

The  volumes  of  the  part  immersed  and  of  the  whole  will  be 

as  the  weights,  that  is,  as  3  :  5  -— ,  or  as  78  :  135. 

.*.  sp.gr.  of  iron  :  sp.  gr.  of  mercury  =  78  :  135, 

=  26  :    45. 

5.  Air  is  confined  in  a  cylinder  surmounted  by  a  piston 
without  weight,  whose  area  is  a  square  foot.  What  weight 
must  be  placed  on  the  piston  that  the  volume  of  air  may  be 
reduced  to  lialfits  dimensions? 

By  Marriotte's  law  the  air  when  reduced  to  half  its  volume 
will  have  double  its  original  pressure.  Hence  taking  15  lbs. 
per  square  inch  as  the  original  atmospheric  pressure,  it  be- 
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comes  30  lbs.  per  square  inch  below  the  piston.  But  the  at- 
mosphere still  exerts  a  pressure  of  15  lbs.  per  square  inch 
above  the  piston.  Therefore  a  pressure  of  15  lbs.  more  per 
square  inch  is  required  to  keep  the  piston  at  rest. 

/.  weight  required = (15  x  144)  lbs.  =  2160  lbs. 

6.  If  the  capacity  of  the  receiver  of  an  air-pump  &«  10 
times  that  of  the  'barrel,  shew  that^  after  3  strokes  of  the  piston, 
the  air  in  the  receiver  will  have  lost  nearly  one-fourth  of  its 
density. 

By  the  formula  of  Art.  72,  if  po  and  p„  be  the  densities 
originally  and  after  the  n^^  stroke,  and  R  and  B  be  the  capa- 
cities of  the  receiver  and  barrel, 

Po      \R  +  B)' 
.  e?  ^  /  IQ  Y  =  ^—  • 

••  Po     \10-i-iy       1331  ^ 

,       .,,./',      1000\  331  1  , 

.-.  density  lost=  (1  -  ^^j  po=  f^Po  =  ^pa  nearly. 

7.  A  block  of  wood  (  s.  g.  -- j  weighing  156  lbs.  is  float- 
ing in  fresh  water.  What  weight  placed  on  it  will  sink  it  to 
the  level  of  the  water  ? 

Let  a?  =  the  weight  in  lbs. 

Then  x  +  156  =  weight  in  lbs.  of  water  displaced  by  volume 
of  wood  alone, 

=  169; 
.-.  jr  =  (169-156)lbs.  =  13lbs. 

8.  In  a  mixture  of  two  fluids,  of  which  the  speciflc  gra- 
vities are  3  and  5  respecticely,  a  body,  whose  s.  g.  is  8,  lo&es 
half  its  weight.    Compare  the  volumes  mixed. 

Weight  lost = weight  of  fluid  displaced, 

=  o  '^^ight  of  body  whose  s.  G.  is  ^ 

.*.  s.  G.  of  the  mixture  is  4. 
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And  since  the  separate  specific  gravities  are  3  and  5,  while  the 
sp.  gr.  of  the  mixture  is  4,  the  fluids  must  be  mixed  in  equal 
volujnes. 

9.    A  vessel  of  water  has  for  its  horizontal  section  a  rect- 
angle 6  feet  by  2  feet.    A  substance  weighing  550  lbs  is  im- 
mersed in  it,  and  the  water  rises  8  inches.    Find  the  specifc 
rarAty  of  the  substance. 

Sectional  area=  12  square  feet. 

Volume  of  substance  =  (  12  x     \  cub.  ft. 

=  8  cubic  feet; 
.',  8  cubic  feet  of  the  substance  weigh  550  lbs. ; 

.-.  1  cub.  ft ^  lbs.,  or  68-75  lbs. 

o 

Also,  a  cubic  foot  of  water  weighs  62 '5  lbs., 

P     u  .  68-75      ,  , 

.*.  sp.  gr.  of  substance—  —r^  =1*1. 
62^6 

10  A  cylinder  floats  in  a  fluid  A  with  one-third  of  its 
axis  immersed,  and  in  .another  B  with  three  fourths  of  its 
axis  immersed.  How  deep  will  it  float  in  a  fluid  which  is  a 
mixture  of  equal  volumes  qf  A  and  B  ? 

3      I 

Sp.  gr.  of  ^  :  sp.  gr.  of  ^  =  -  :  „ , 

=  9:4; 

9  +  4 
.'.  sp.  gr.  of  mixture  of  equal  volumes  =  — r—  =6*5. 

If  therefore  the  body  has  -  of  its  axis  immersed  in  a  fluid 

o 

of  s.  Q.  9,  when  it  is  immersed  in  a  fluid  of  a.  o.  6*5  the  part 
immersed  is  obtained  from  the  following  relation,  where  x  is 
the  part  immersed, 

6|:9  =  J:., 

-J       « 
°2 
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100.     We  shall   now  give  a  set  of  easy  Examples  to  ba 
worked  by  the  student  by  way  of  practice. 


Examples. — VIII. 

1.  An  iceberg  (s.  g.  *925)  floats  in  sea-water  (s.  g.  1025). 
Find  the  ratio  of  the  part  out  of  the  water  to  the  part  im- 
mersed. 

2.  A  body  floats  in  a  fluid  (s.  g.  '9)  with  as  much  of  its 
volume  out  of  the  fluid  as  would  be  immersed  if  it  floated  in  a 
fluid  (s.  G.  1"1).     Find  the  specific  gravity  of  the  body. 

3.  Find  the  Fahrenheit  Temperatures  corresponding  to 
-40"  and  +350*'  Centigrade. 

4.  The  capacities  of  the  barrel  and  receiver  in  a  Smea- 
ton's  air-pump  are  as  1:3.  A  barometer  enclosed  in  the 
receiver  stands  at  28  inches.  What  will  be  the  height  after 
three  upward  strokes  of  the  piston  ? 

5.  Two  hydrometers  of  the  same  size  and  shape  float  in 
two  different  fluids  with  equal  portions  above  the  surfaces,  and 
the  weight  of  one  hydrometer  :  that  of  the  other  =  1  :  p. 
Compare  the  specific  gravities  of  the  fluids. 

6.  A  man  weighing  10  stone  10  oz.  floats  with  the  water 
up  to  his  chin  when  he  has  a  bladder  under  each  arm  equal  in 
size  to  his  head  and  without  weight.  If  his  head  bo  one- 
twelfth  of  his  whole  bulk,  find  his  specific  gravity. 

7.  At  what  height  does  the  water  barometer  stand  when 
the  mercurial  barometer  stands  at  28  inches  (s.  g.  of  mercury 
-=13-6)? 

8.  What  degree  Centigrade  corresponds  to  27"  Fahren- 
heit? 

9.  A  man  6  feet  high  dives  vertically  downwards  with  his 
hands  stretched  18  inches  beyond  his  head.     What  depth  has 

3 
he  reached  when  the  pressure  at  his  fingers'  ends  is     that  at 

liis  feet  ] 
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10.  A  string  will  bear  a  strain  of  10  lbs.  7  oz.  Determine 
the  size  of  the  largest  piece  of  cork  (s.  g.  24)  wliich  it  can  keep 
below  the  surface  of  mercuiy  {s.  a.  13'6). 

11.  In  De  Lisle's  Thermometer  the  freezing  point  is  150" 
and  the  boiling  point  zero.  What  degree  of  this  thermometer 
corresponds  to  47''  Fahrenheit? 

12.  Cork  would  float  in  n  atmospheres.  Find  n  (s.  g.  of 
air  and  cork  being  "0013  and  •24). 

20  + w 

13.  An  elastic  body  of  s.  g.  '5  is  compressed  to  -— — —  of 

•'  ^  20+4n 

its  natural  size  by  immersion  n  feet  in  water.    At  what  depth 
will  it  rest  ? 

14.  If  the  body  in  Question  13  weigh  10  lbs.,  what  are  the 
magnitudes  and  directions  of  the  forces  which  will  keep  it  in 
equilibrium  at  depths  (a)  5  feet,  and  (y8)  30  feetl 

15.  At  what  depths  will  the  force  required  to  keep  the 
body  in  Questions  13  and  14  at  rest  be  1  lb.? 

16.  At  what  temperature  are  the  readings  on  Reaumur, 
Centigrade  and  Fahrenheit  proportional  to  4,  5,  25  ? 

17.  At  what  temperature  is  the  sum  of  the  readings  on 
Reaumur,  Centigrade  and  Fahrenheit  212  ? 

18.  A  body  (s.  g.  2*6)  weighs  22  lbs.  in  vacuo  and  another 
body  (s.  G.  78)  weighs^  w lbs.  in  vacuo;  and  their  apparent 
weights  in  water  are  equal.    Find  n. 

19.  Find  the  specific  gravity  of  the  fluid  in  which  tho 
apparent  weights  of  1  lb.  of  one  substance  (s.  g.  3)  and  3  lbs.  of 
another  substance  (s.  g.  2  25)  are  equal. 

20.  Equal  volumes  of  two  substances  (s.  g.  2*7  and  6*1)  arc 
immersed  in  water  and  balance  on  a  straight  lever  71  inches 

ong.    Find  the  position  of  the  fulcrum. 

101.  "We  proceed  with  some  examples  of  somewhat  greater 
difficulty  than  those  already  given. 

Note.    We  shall  assume  that  the  volume  of  a  sphere  is 
4 
-  Trr^,  r  being  the  radius. 
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Examples  worked  out. 

1.    Shew  ho2o  the  depth  of  the  descent  in  a  Diving  Bell 
can  be  determined  from  observations  on  the  barometer. 


Let  ABhe  the  surface  of  the  water,  CD  the  water  level  in 
the  bell  at  the  end  of  tlie  descent. 

Now  pressure  at  CD  is  equal  to  pressure  throughout  the 
upper  part  of  the  bell,  and  is  therefore  equal  to  the  pressure 
due  to  atmosphere  +  weight  of  column  of  water  {x  4-  y)  ft.  high. 

Hence  if  S  be  the  measure  of  the  specific  gravity  of 
mercury,  and  A,  h'  the  measures  of  the  heights  of  the  mercu- 
rial column  at  surface  of  the  water  and  at  the  bottom, 

measure  of  pressure  at  CD  =  hs  +  {x  +  y)x\. 

But  measure  of  pressure  at  CD-h's ; 

.*.  hs  +  x  +  y  =  h'8, 

.'.  x={h'-h)s-y. 

Now,  by  Marriotte's  law,  if  a  be  the  measure  of  the  height 
of  the  bell, 

y     h  h 

.•.  x=(h'-h)s-  ,   a. 
h 
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•2.  Whal  7)1  uat  be  the  least  size  in  cubic  feet  of  an  inflated 
balloon,  that  it  may  rise  from  the  earth  irlien  filled  with  gas 
whose  specific  gravity  compared  with  that  if  air  is  "08,  the 
weight  of  a  cubic  foot  of  air  being  '3  grains,  and  the  collapsed 
balloon  car  a/nd  contents  weighing  altogether  650  lbs.  f 

Taking  1  as  the  measure  of  the  specific  gravity  of  air, 

and  V  of  the  volume  of  the  inflated  balloon, 

weight  of  inflated  balloon,        )      ,  ^„     .^     „. 

f     .  .  ,      ^         ,        y=C08x  Fx-3)grs. 

neglectnig  weight  of  envclopej 

weight  of  air  displaced  =(-Fx  1)  grs.  =  Fgrs. 

Kow  I  cubic  ft.  of  air  weighs  "3  grs., 

.-.   V  -sFgrs.; 

.'.  ascensional  force  =  ('3  V-  08  V  x  -3)  grs. 
=  (-92x-3r;grs. 

.  .-.  -92  X -3^=550x7000, 

.-.   r=  ^^^ ""  ^^^f  ^  cub.  ft.  =  8072-5  cub.  ft.  nearly. 
•92  X  3 


3.  The  weight  of  a  globe  in  air  is  TV,  and  in  water  w ; 
find  its  radius,  supposing  s  and  a  to  be  the  specific  gravities 
of  water  and  air. 

Let  72  =  radius  of  globe,  and  P  =  weight  of  globe  in  vacuo. 

4 
Then  volume  of  globe  = .  ttR'^  ; 

.'.  P-^TrTJ^a-  W (1), 

P-%/23j,=«j  (2). 

u 

Hence,  subtracting  (2)  from  (1), 

l7rR'(s-a)=lV'-to; 

o 


--l/iL-'-^}- 
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4.  Hoic  deep  muH  a  cylindrical  dicing  hell  he  submerged 
90  as  to  he  just  half  fall  of  water  ? 

At  first  the  bell  is  full  of  air  of  ordinary  density. 

When  the  bell  is  half  full  of  water,  the  air  is  compressed 
into  half  its  original  volume,  and  therefore  the  density  is 
doubled. 

But  the  additional  density  is  entirely  due  to  the  weight  of 
a  column  of  water  33  feet  high. 

Hence  when  the  surface  of  the  water  in  the  bell  is  33  feet 
below  the  upper  surface,  the  bell  will  be  half  full  of  water. 

5.  A  spherical  balloon  is  to  he  formed  of  a  material  of 
tphich  the  thickness  is  k,  and  specific  gravity  relatieehf  to 
air  S  ;  if  it  he  filled  with  gas  of  specific  grarity  d,  prove  that 
in  order  that  it  may  ascend  the  extreme  radius  must  exceed 


\b-d)  • 

Let  a;  =»  extreme  radius. 
Then  x—k  =  interior  radius. 

4 
.'.  weight  of  envelope  alone  ~    tt  [x^  —{x-  Kf]  5  ...  (1), 
o 

4 
gas ~7r{x-KYd  (2), 


4 
air  displaced  ...  ~  ^Troe^y.  1 (3). 

o 


Tlie  balloon  will  not  ascend  unless  the  sum  of  (1)  and  (2)  be 
less  than  (3). 

4  4  4 

.*.  -TT{x^-{X'-Kf}b  +  -it{x-Kfd—-7rx^\o&%  than  0; 

:.  afi{b-\)  less  than  [x - Kf  (d- d\ 

.•.^*  greater  than  (1^^)^ 


.M-^greaterthan(— ^)- 
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6,  For  two  given  temperatures  the  readings  of  one 
thermometer  are  n^  and  w"  and  of  another  z/"  and  /x* 
respectively.  Wliat  will  he  the  reading  of  the  latter  wJten 
the  former  gives  /"  / 

(n-m)  deg.  of  the  1st  are  equivalent  to  (u-fi)  deg.  of  the  2nd. 


1-     .... 

1st 

n-m  

....  2nd, 

p    .... 

1st 

C.-'L)' 

2nd. 

7.  A  globe,  2  feet  in  diameter,  when  floating  is  half  im- 
mersed in  water  ;  what  is  its  weight  f 

The  globe  must  be  half  as  heavy  as  water. 

4 
Now  volume  of  globe  =    tt  cubic  feet, 

and  1  cub.  ft.  of  water  weighs  625  lbs. 

.'.  -TT  cub.  ft.  of  water  weigh  (  62  25  x  .^J  lbs. ; 

.-.  weight  of  globe  =  ~  ^62-25  x  ^^\  lbs. 
=  130-9  lbs.  nearly. 

8.  A  sphere  whose  radius  is  6  inches  and  weight  35  lbs. 
is  suspended  bg  a  string.  Required  tlie  tension  of  the  string 
when  the  sphere  is  wholly  im?nersed  in  water. 

4         /1\'  IT 

Volume  of  sphere  =  „  tt  (     )  cub.  ft.  =  -  cub.  ft. 

Weight  of  water  displaced  =  ( g  x  62*5  j  lbs. 

/.  tension  of  string  ^  (35-^  x  62-5  J  lbs. 
--2'275  lbs.  nearly. 
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9.  A  pipe  15  feet  long,  closed  at  the  upper  extremity,  is 
placed  vertically  in  a  tank  of  the  same  height,  and  the  tank  is 
filled  with  water.  Prove  that  if  the  height  of  the  water 
barometer  be  33ft.  9 in.,  the  water  will  rise  3ft.  9  in.  in  the 
tube. 

Let  a; = measure  of  height  to  which  the  water  rises  in  feet. 

Then  15- a? = measure  of  space  filled  with  air. 

By  Marriotte's  law,  the  pressure  of  the  air  inside  may  be 
represented  by 

''     X33? 


U-x  4 

But  this  pressure  is  also  represented  by  the  measure  of  a 
3 
column  of  water  33-ft.  +  a  column  (15-;i;)ft. 

/.  33^  +  15-;i;  =  -^x33^, 
4  15-;iP  4* 


2    255       /: 


255y  _  50625 
J  ~     64    » 


255  225 

.'.  ;r  =  60ft.    or  37  ft. 
4 

The  first  result  is  evidently  impossible. 

10.  If  a  lighter  fluid  rest  upon,  a  heavier,  and  their 
specific  gravities  be  s  and  /,  a7id  if  a  body  whose  sp,  gr.  is  cr 
rest  with  V  of  its  volume  in  the  upper  fiuid  and  V  in  the 
lower,  shew  that 

V  :   V'  =  ^-a-  :  (T-s, 
weight  of  body = weight  of  fluid  displaced, 

=sV+.iV\ 
,\    V{<r-s)  =  F'  (s'-a), 
.-.   V  :   V'^s'-a  :  a-». 
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Examples.  —IX. 

1.  Equal  volumes  of  gold  (s.g.  1.9-4)  and  silver  (a.o.  10-4) 
balance  on  a  straight  lever,  (1)  in  vacuo,  (2)  in  water,  (3)  in 
mercury  (s.g.  13-5).  Find  the  ratio  of  the  arms  and  position 
of  the  fulcrum  in  each  case. 

2.  An  inclined  plane  is  immersed  in  a  fluid  (s.  g.  3)  and  a 
body  (s.g.  7)  weighing  7  lbs.  in  vacuo  is  supported  on  the  plane 
by  a  horizontal  force  of  3  lbs.  Find  the  ratio  of  the  height  and 
base  of  the  plane. 

3.  A  balloon  filled  with  Hydrogen  (s.g.  '07)  just  rises  in 
air  (s.g.  1).  The  balloon,  exclusive  of  the  Hydrogen,  weighs 
lOcwt.  If  a  cubic  foot  of  air  weigh  l-3oz.,  find  the  volume  of 
Hydrogen  in  the  balloon,  neglecting  the  volume  of  all  else. 

4.  If  the  balloon  in  Question  (3)  rise  and  rest  with  its 
barometer  at  three-fourths  of  its  original  height,  how  much 
gas  must  have  been  expelled,  and  how  much  ballast  thrown 
out  ? 

6.  Explain  why  the  gas  and  ballast  in  Question  (4)  are 
expelled. 

6.  A  cylindrical  vessel  is  made  of  wood :  the  exterior 
radius  is  4  inches  and  tlie  interior  3  inches,  the  thickness  of 
the  bottom  one  inch,  and  the  height  of  the  cylinder  9  inches. 
It  floats  in  water  when  the  bottom  is  3  inches  below  the  sur- 
face. Find  the  specific  gravity  of  the  wood  and  the  depth  to 
which  it  will  sink  when  a  small  hole  is  made  in  the  bottom. 

7.  A  piece  of  ice,  supporting  a  stone,  floats  in  a  vessel  of 
water.  Will  any  change  take  place  in  the  level  of  the  water 
as  the  ice  melts  ? 

8.  Shew  that  in  a  cylinder  immersed  as  in  Question  (25) 
page  64,  the  depth  of  the  interior  surface  below  the  exterior  is 
a  mean  proportional  between  the  height  of  the  water  in  the 
cylinder  and  that  of  the  water  barometer. 

9.  A  cubical  water-tight  box,  whose  edge  is  1  foot,  is  sunk 
to  a  depth  of  80  fathoms  in  the  sea.  Find  the  pressure  on  the 
top. 

Would  it  make  any  diflxjrence  in  the  circumstances  of  the 
box  if  it  were  not  water-tight  ? 
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10.  An  elastic  air-tight  bag  has  forced  into  it  air  sufficient 
to  fill  19  bags  of  the  same  original  size.  To  what  depth  must 
it  be  sunk  in  the  water  that  it  may  return  to  its  original  size, 
the  height  of  the  water-barometer  being  34  feet  ? 

11.  A  vesssel  made  of  thin  heavy  material  and  containing 

a  cubic  foot  of  fluid,  the  specific  gravity  of  which  is  - ,  floats  in 

water,  the  surfaces  of  the  water  and  the  fluid  being  in  the 
same  horizontal  plane.  Find  the  weight  of  the  vessel  when 
empty. 

12.  In  Question  (11)  if  some  more  fluid  of  the  same  kind 
be  poured  into  the  vessel,  will  the  surface  of  the  fluid  or  that 
of  the  water  be  the  higher  ] 

13.  A  cylinder  30  inches  long  is  composed  of  lignum  vitfe 
in  its  lower  half  and  cork  in  its  upper  half,  and  floats  vertically 
in  water.  If  the  specific  gravities  of  lignum  vitse  and  cork  be 
1*1  and  25  respectively,  shew  that  the  cylinder  will  float  2025 
inches  deep. 

14.  Two  pieces  of  cork,  both  small  but  the  volume  of  one 
three  times  that  of  the  other,  are  connected  by  a  thread  three 
feet  long  passing  round  a  fixed  pulley  at  the  bottom  of  a  tank 
of  water  2  feet  deep.  Supposing  the  specific  gravity  of  cork 
to  be  -25,  shew  that  in  the  position  of  equilibrium  the  smaller 
piece  will  be  totally  immersed  and  the  larger  piece  half 
immersed. 

15.  Two  reservoirs  of  water  at  different  levels  are  separated 
by  a  solid  embankment,  and  a  bent  iron  tube  of  adequate  length 
is  placed  with  an  end  in  each.  If  the  barrel  of  an  air-pump 
be  screwed  into  an  aperture  at  the^top  of  the  tube,  shevv  that 
generally  after  sufficiently  working  the  air-pump  the  water  will 
flow  through  the  tube  from  the  higher  reservoir  to  the  lower. 
Under  what  circumstances  will  this  fail  to  take  place  ? 

16.  Two  bodies  of  equal  volume  are  placed  one  in  each 
scale-pan  of  a  Hydrostatic  Balance,  and  are  then  immersed  iu 
two  liquids  which  are  such  that  the  bodies  just  balance  each 
other ;  the  liquids  are  then  interchanged,  and  it  is  found  that 
the  bodies  balance  when  one  of  them  is  just  half  immersed. 
Find  how  much  of  the  heavier  body  must  be  immersed  in  a 
liquid,  composed  of  equal  volumes  of  the  two  hquids,  so  that  it 
may  just  balance  the  lighter  not  immersed. 
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17.  A  siphon  ABC,  each  branch  of  which  is  less  than  30 
inches  long,  is  filled  with  mercury  and  both  ends  are  stopped. 
It  is  then  placed  with  the  end  ^  in  a  bowl  of  mercury  and  the 
end  (7  in  a  bowl  of  water,  the  surface  of  the  mercury  being 
lower  than  that  of  the  water  and  higlier  than  the  end  C.  If 
the  ends  be  simultaneously  unstopped,  shew  that  mercury  will 
flow  through  the  tube  into  the  water  provided  that 

-.  be  greater  than  - , 
sf  p 

z,  z'  being  the  respective  depths  of  the  end  C  below  the  planes 

of  the  surfaces,  and  p,  p'  the  respective  densities  of  mercury 

and  water. 

18.  The  air-vessel  of  a  force-pump  is  a  cylinder  of  height  c, 
whose  section  A  is  the  same  as  that  of  the  piston :  the  water 
has  to  be  lifted  to  height  h  of  the  water-barometer  above  the 
bottom  of  the  air-vessel,  by  means  of  a  pipe  of  section  a  and 
height  h :  if,  when  the  pump  commences  working,  the  water  be 
just  below  the  valve  in  the  air-chamber,  find  after  how  many 
strokes,  each  of  length  /,  of  the  piston,  the  water  will  be  at  the 
top  of  the  pipe. 

19.  A  cylinder  whose  height  is  8  inches,  is  floating  with 
its  axis  vertical  and  its  base  6  inches  below  the  surface  of 
water :  a  weight  of  6  lbs.  when  placed  on  the  top  of  the  cylin- 
der just  brings  the  upper  surface  to  the  level  of  the  water. 
Find  the  weight  of  the  cylinder. 

20.  When  two  metals  are  mixed  in  equal  volumes  they 
form  a  compound  of  specific  gravity  9  ;  when  they  are  mixed 

in  equal  weights  they  form  a  compound  of  specific  gravity  8  -; 

.  iind  the  specific  gravities  of  the  metals. 

21.  A  cylindrical  jar  can  just  sustain  a  pressure  of  165  lbs, 
to  the  square  inch  without  breaking,  and  an  air-tight  piston 
which  fits  the  jar  is  thrust  down  and  compresses  the  air  in  the 
jar.  Find  the  height  of  the  jar,  supposing  it  to  burst  when  the 
piston  is  an  inch  from  the  bottom  of  the  cylinder,  the  pressure 
of  atmospheric  air  being  15  lbs,  to  the  square  inch. 

22.  In  Smeaton's  air-pump  if  there  be  communication  with 
a  condenser  through  the  upper  valve,  and  the  capacity  of  the 
cylinder  be  half  that  of  either  receiver,  compare  the  pressures 
in  the  receivers  after  two  descents  and  ascents  of  the  pistoii. 
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Notes. 

1.  Law  II.,  given  on  page  4,  can  be  deduced  from  Law  I., 
but  the  metliod  of  reasoning  is  not  adapted  to  an  elementary 
treatise. 

2.  On  page  15  the  construction  of  the  cylinder  and  lines 

6,  7,  8,  9  are  not  necessary  to  the  proof,  for  it  follows  at  once 
from  Art.  34  that 

fluid  pressure  2X  A—  fluid  pressure  at  B. 

3.  On  page  24  it  might  be  clearer  if  we  inserted  the  sign 
X  or  the  word  times  between  VS^  and  (unit  of  weight)  in  line 

W 

7,  also  between  -^  and  (unit  of  specific  gravity)  in  line  14, 

and  so  in  several  other  cases  in  pages  24  and  25. 

4.  The  first  sentence  in  page  53  is  not  quite  correct:  it 
might  better  stand  thus:  "The  exhaustion  of  the  air  is  re- 
tarded by  the  difiiculty  of  making  the  piston  come  into  close 
contact  with  the  valves  at  A  and  C,  and  it  must  always  be 
limited  by  the  weight  of  the  valve  C." 

6  The  Aneroid  Barometer  is  so  called  because  no  liquid 
(a  privative  and  vr^po^  "moist")  is  used  in  its  construction. 
A  metal  cylinder  about  an  inch  in  height,  closed  by  an  elastic 
piece  of  metal,  is  exhausted,  and  as  the  metal  covering  rises  or  is 
depressed,  according  to  the  changes  of  atmospheric  pressure, 
it  sets  in  motion  hands  like  those  of  a  watch  connected  with 
it. 

6.  In  reading  the  descriptions  of  the  Pumps  in  pages 
67 — 71  the  student  must  be  careful  not  to  derive  any  erro- 
neous notions  from  the  use  of  the  words  Suction-^v^e.  It 
is  retained  (perhaps  not  wisely)  as  a  technical  term,  con- 
venient for  distinguishing  the  lower  pai-t  of  the  pumps  from 
the  barrel. 

7.  In  the  description  of  the  Siphon  on  page  72  it  is  said 
to  be  of  uniform  bore.  This  is  not  essential  co  tlie  working 
ol'  the  instrument,  but  it  conduces  to  the  regular  action  ot  it, 
and  renders  the  explanation  more  s'unplc. 

s.  u.  7 
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It  is  also  stated  on  page  72  that  the  longer  branch  must 
he  outside  the  vessel.  This  is  not  necessary,  for  the  instru- 
ment will  work  with  the  shorter  branch  outside,  provided 
that  the  extremity  of  that  branch  be  below  the  surface  of 
the  fluid. 

8.  To  the  Thermometers  it  might  be  well  to  add  that 
which  is  called  Be  Lisle's.  This  is  much  used  in  Russian 
scientific  operations.  In  it  the  boiling  point  is  marked  0**,  and 
the  freezing  point  150**. 

9.  It  should  be  carefully  observed  that  the  freezing  point 
of  a  Thermometer  is  found  by  placing  the  instrument  not  in 
freezing  water,  but  in  rnelting  ice. 
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Examples  I.    (page  8.) 

1.    56|  tons.        2.    30  tons.        3.     29629-^29  lbs. 

4.  1  oz.  5.     1  oz. 

6.    Tlie  area  of  a  circle  whose  radius  is  r  is  -nr^,  and  t:vk 
ing  ^  as  an  approximate  value  of  tt,  the  answer  is  5587^11  <^^^'t 

Examples  II.    (page  18.) 

1.     20  lbs.        2.    37,^  lbs.        3.     7:6.        4.     9:8. 

5.  10  feet.  6.     12  lbs.  7.     9  lbs. 

8.     Iton  7cwt.  3qrs.  17lbs.         9.     lllbs.  12foz. 
10.    22500  lbs.        11.    1125^/3  lbs.        12.    f  of  its  height. 

13.  Since  the  external  pressure  on  the  cork  increases 
with  the  depth,  while  the  internal  pressure  is  constant,  the 
cork  will  be  forced  in  when  the  former  exceeds  the  latter. 

14.  12^  tons.  15.    18  feet. 

Examples  III.    (page  27.) 


1. 

165  lbs.          2.     18  : 

1. 

3.    711  oz.        4.    -8. 

5. 

5  oz.        6.     Iff  oz. 

7. 

''''^.       8.    7-776. 

9. 

ri6.                    10. 

•844. 

11.     14. 

12. 

-cub. in.;  -cub. in. 

13.    Volumes  as  1 : 2,  weights  as  1  : 4.         14.    2:1. 
15.    m.  16.    2.  17.    9-325. 
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18.  If  c?i,  <?2,  t/3  be  the  measures  of  the  densities  of  the 
fluids,  and  d  be  the  measure  of  the  density  of  the  mixture, 

19.  8-241...         20.  -802...    21.     18*41.         22.     1-61... 
23.     313.  24.     8-6...  oz. 

25.    The  volumes  are  as  57  : 1,  the  weights  as  2223  :  97. 


Examples  IV.    (page  42.) 

1.    3-§         2.    607870  tons.        3.    three-fourths. 

4.    4  dwts.  20^f  grs.       5.     4.    6.    3  times  weight  of  tub. 


7. 

two-thirds.        8.    -  oz.        9.    ^oz.       10. 

3oz. 

11. 

42  oz. 

12.    ^oz.         13.    ^Ibs.        14.    3-5. 

15. 

80 
73* 

16.    \        17.    g.        18.    17f.      19. 

^. 

20. 

16 
19* 

21.     Ilf.        22.     2.         23.    47Ubs. 

24.     12  feet  25.     -66. 

26.  Because  the  specific  gravity  of  salt  water  is  greater 
than  that  of  fresh  water. 

27.  —inches.  28.    1728.  29.    71bs.  9jVoz. 
63 

30.    Edge  of  cube  is  2  feet.         .      31.    5ff 
^2     height  of  triangle  33     ^  .  ^  ^^^^  ^^^^  ^ 

n/3 
downwards ;  3  :  4  when  vertex  is  upwards.        34.    16  lbs. 

26 
35.    -75.        36.    2  inches.        37.    '9.        38.    jggMich. 

30.    4  lbs.  40.     3  lbs.  41.    95  lbs. 

42.    «:i(M?j-ir)  :«7j(«ri-ir).  43.    Increased,  if  the 

wood  be  lighter  than  water.        44.    3:2.        45.  1*1. 

14129  ^^  .g  ^^^,  ^g     5  6  inches. 

17740 

49.    8j«lbs.        60.    9Mlbs.  61.     10}^.        62.     r3. 

53.    6    inches.  65.     2f. 

56.   ^ji-cub.in.  67.    r^  of  a  cubic  yard. 

2063  ^^^ 
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t^^.     '.  of  volume.         59,     750  oz.         60.     -^ .of  a  cub.  ft, 
o  103 

W 
61.     936302461-687  cub.  ft.         62.     —  .        63.     m  .  n. 

o 

64.    900  grains.      65.     l^^^  or  r0272  nearly.      66.      'bL 
67.    433  grains.  69.    42i^^  cnh.'m. 


Examples  V.    (page  60.) 


(10\"  64    . 

j  times  original  density.      2.    —  times 

original  pressure.  3.     9  :  1.  4.     No  .  because  the 

pressure  varies  with  the  depth  alone;  so  that  if  the  section 
varied  there  would  still  be  equal  vertical  increments  of  space 
for  equal  increments  of  pressure.  5.     53^  lbs. 

6.     1  l^g  inches.  7.    The  mercury  would  fall  to  the 

level  of  the  surface  in  the  cup.       8.     14625  lbs.      9.     10  feet. 

10.  No  :  because  a  volume  of  mercury  equal  to  that 
displaced  by  the  iron  will  descend  and  allow  the  iron  to  take 
its   place    without    disturbing    the    general    upper    surface. 

11.  Sink:  see  answer  to  (16).  12.  The  mercury 
would  descend  a  little.  13.  2'38  square  inches.  14.  '0109 
of  original  volume.  15.  1  ft.  5^^TtV7  in.  16.  When 
the  floating  body  is  partially  immersetl,  both  air  and  water 
are  displaced :  but  the  absolute  weight  of  floating  body  =  weight 
of  displaced  fluids,  which  must  therefore  be  constant :  there- 
fore when  the  barometer  rises,  there  must  be  a  less  water 
displacement,  i.e.  the  body  rises :  while  any  decrease  in  the 
atmospheric  pressure  (when  the  barometer  falls)  will  necessi- 
tate an  increased  water  displacement,  and  therelbre  the  body 
tian  sinks  a  little.                 17.     1   :  2.               20.     28-8  inches. 

21.     lO.SOlbs.  22.     26  If  inches.  23.     5  feet. 

24.    6:1.  25.    The  air  will  be  compressed  inside,  and 

so  displace  h.  ss  water ;  and  since  it  floated  originally,  it  will 
now  sink,  because  the  weight  of  displaced  fluid  is  now  less  than 
I  he  weight  of  the  body.  26.     5  times  original  pressure. 

'SI.    32  ft.  2s.     5fo^  oz.  29.     4776  oz. 

:  0.     AB  :  BG--p  :  q-p.         32.    The  space  between  zero 
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point  and  any  graduation  ought  to  be  less  than  the  space 
indicated  by  the  number  placed  against  that  graduation  in 
the  ratio  of  17  :  18.  33.     14935  lbs.  nearly. 

34.    Y*J^  of  an  inch.       35.  Low.      36.    4|  inches. 


Examples  VI.    (page  75.) 

1.  It  will  increase  the  time  of  filling  the  receiver,  sine* 
the  only  effective  work  would  be  done  by  the  descending, 
piston,  after  passing  the  hole.  It  will  fill  the  tank  in  3  tinio 
the  original  time.  2,    Ti\  lbs. 

3.  (a)  If  the  hole  be  below  the  level  of  short  end,  no 
effect. 

(i3)  If  above  this  level  but  still  in  the  long  branch,  all 
the  fluid  in  this  branch  below  the  hole  will  descend,  and  all 
above  in  the  same  branch  will  ascend  causing  the  remainder 
of  the  fluid  to  flow  through  the  short  brand),  till  the  siphon 
is  emptied. 

(y)  If  in  the  short  branch,  all  the  fluid  below  the  hole 
is  this  branch  will  descend  ;  all  above  in  the  same  branch  will 
ascend  and  flow  through  the  long  branch,  emptying  the 
siphon. 

(5)  If  at  the  top  of  the  siphon,  the  fluid  will  descend 
in  each  branch  and  empty  the  siphon. 

4.  32  ft.  953  in.  or  3279416  feet.  5.  The  fluid  would 
descend  in  each  branch  and  the  siphon  be  emptied. 

6.  Equally  well  at  both,  if  the  siphon  be  not  too  high. 

7.  No:  because  the  hold  is  lower  than  the  surface  in 
harbour. 

8.  33  ft.  lllin.  9.  If  the  air  be  removed  from  the 
siphon,  the  fluids  would  first  ascend  in  each  branch  and  after- 
wards flow  as  usual.  10.  The  water  vvoidd  rise  in  the  in- 
verted tube  as  high  as  the  top  of  the  inserted  tube  and 
afterwards  flow  out  of  it.  11.  First,  the  water  would  soon 
cease  to  flow.  Secondly,  it  would  rise  in  each  branch,  and 
afterwards  flow.  12.  (a)  The  water  will  flow  into  the 
lower  vessel.  (jS)  The  water  will  descend  in  each  branch  till 
it  stands  at  34  feet  above  each  surface,  (y)  The  same  as  (a). 
1 3.     Each  branch  2  feet. 
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Examples  VII.    (page  81.) 

1.    (1)  -1^«;  -f.  (2)  7r;  5^.  (3)  13^;  10^ 

(4)  -17F;  -14r.       (5)  -2ir;  -17^0.     (6)  -42J^  -34r. 
2.     (1)  6^;  43f.     (2)  25";  77°.     (3)  O^;  32°.    (4)  -22^'';  -8|" 

(5)  -80«;   -112".         (6)  150";  302°.  3.     (1)  60f ;  12f, 
(2)  113°;  36".        (3)  230" ;  88".       (4)  32";  0".        (5)  5";   -12» 

(6)  -111";  -19F-       4.    Yes:  if  the  graduations  are  to  be 
uniform.        5.    10"  Cent,  and  50"  Fah.        6.    10"  Cent,  and 

4 
60"  Fah.        7.     -40".        8.    Make  each  degree  -  ths  that  on 

o 

Fahrenheit.       8.    25f".       10.    20"  Cent.,  68"  Fah.       11.    9f. 

12.  The  graduations  would  be  inconveniently  small, 

13.  80"  Fah.        14.    20"  Cent.,  68"  Fah.         15.    -1  If  Cent., 
1  If  Fah.       16.    24".       17.    23".       18.    69"  Fah.,  12"  Reaum.; 

if  d  be  the  number  of  degrees,  Fah.  rises  —  and  Reaum.  — . 

o  5 


Examples  VIII.  (page  87.) 


1. 

4. 

7. 
10. 

4  :  37. 

11-8125  inches 
31ft.  88 in. 

1  cub.  ft. 

2. 
5. 

8. 

11. 

•495.               3.     -40"  and  662". 
I  .  p.             6.     1-081 
-2^".               9.    22^  ft. 

137i".            12.    '^^^ 

13. 

10  feet. 

14. 

(a)    2  -  lbs.  downwards  ; 

(/3) 

2  ^  lbs.  upwards. 

15.    7  2  ft.,  and  13  1  ft 

16. 

60"  Fahrenheit. 

17.     122"  Fahrenheit. 

18. 

<r 

19. 

2.           20.      17|  inches  from  one 

end. 


Examples  IX.  (page  94.) 


1.    (1)    97  :  52.  (2)    92  :  47.  (3)    59  :  90. 

In  (3)  fulcrum  is  at  one  end,  and  gold  between  fulcrum  and 

Kilvor. 
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2.     3:4.  3.    '"''i'4o'"''ft.  4.     ioftheg,« 

has  been  expelled,  and  -  of  the  whole  weight  thrown  out. 

5.  Gas  to  preserve  equilibrium  of  internal  and  external 
pressures  on  the  balloon.  Ballast  to  preserve  equilbrium  of 
vertical  pressures  on  the  balloon. 

2  4 

6.  Sp.  gr.  =     .     Height  immersed  =  5  -  inches. 

3  7 

7.  No  change  will  take  place  till  the  stone  falls  from  the 
ice,  it  will  then  displace  less  water  than  before,  and  the  sur- 
face will  consequently  sink. 

9.  Taking  a  cubic  foot  of  water  to  weigh  1000  oz.,  the 
resultant  pressure  is  30000  lbs.  The  pressure  would  be  the 
same  inside  as  outside. 

11.     125  oz.  12.     The  fluid 

A{2h  +  c-  JT^fC')  +  a  ( Jc^Ah*  -  c) 
20.     10  and  8.  21.     11  inches. 


10. 
face 

102  fathoms. 

16. 

I         .s. 

19. 

10  lbs. 

22. 

33  :  & 

filler  (^  Cg/fi  febucutiaual  5cnr-?, 

AUTHORIZED   BY  TEE  MINISTER  OF  EDUCATION, 

EAMBLIN  SMITH'S  ARITHMETIC -b*  Tbos.  Kirk- 

land,  M.A.,  and  W.  Sc.:tt,  B.A.    *1.00. 

EAMBLIN  SMITH'S  ALGEBRA— with  Appendix  br 

Alfred  Baker,  B.  A.,  ilatliematical  Tutor,  Universii.y  College, 
Toronto.    90  cts. 

HAMBLIN    SMITH'S  GEOMETRY— School  Edit5on, 

with  Examination  Paners,  froni  the  Toronto  and  Magill  Univer- 
sities, and  Normal  School,  Toronto.  90  cents.  Rooks  1  and  2, 
with  Examination  Papers.  Cloth,  30  cents.  Books  2  and  3,  with 
Examination  Papers,  30  c,ents. 

POTT'S  ELEMENTS  OF  EUCLID— with  Examir?.tion 

Papers,  75  cents.     Books  1  and  2,  30  cents.    Books  2  and  3,  30  cts. 

ELEMENTARY  STATICS  —  By  Thos.    Kirkland,    M.A., 
Science  Master,  Normal  Scliool,  Toronto.     $1.00. 

HAMBLIN   SMITH'S    STATICS—  with  Appendix  by 

Thos.  Kirkland,  M.A.    90  cents. 

HAMBLIN  SMITH'S  HYDROSTATICS-75  cen*a 

FLEMING'S  ANALYSIS— AVith    Examination   Papers,  by 
W.  Houston,  M.A.     Second  Canadian  Edition.    §1.00. 

MASON'S  ENGLISH  GEAMM AS- with  Appendix  by 

W.  Houston,  MA.    75  cents. 

CT/INTON'S    LANGUAGE    LUS^BONS-Adapt^d  to 

Jiiiiior  Classes  Canadian  Sciioois,  by  J.  McMillan,  B.A.,  Ottawa 
Colle^:^iate  Institute.    25  cents. 

BEATTY  &  CLARE'S  SOOK-KEEPING-70  cents, 

HEALTH  IN  THE  HOUSE— By   Catharine    Buckton,  60 
cents. 

EPOCH  SERIES  OF   HISTORY— By  Rev.  M.  Creishtoa, 
M.A. 

LEWIS'  HOW  TO  READ- 75  cents. 
SPALDING'S  ENGLISH  LITERATURE-so  cents. 
SMITH'S   PRIMARY    DRAWING  CARDS  -  Per 

series,  15  cents. 

SMITH'S  DRAWING  EOOXS-Nos.  l,  2  and  S-Pnmary 

!U)d  Intermediate  Course,  each  15  cents. 

SMITH'S  PRIMARi"  MANUAL  OF  DRAWIUG 

—$1.00. 

SMITH'S    INTERMEDIATE    MANUAL    QT 

DKAWING— $1.25. 


itliller  &  Co/s  (Eburational  Series. 
LANGUAGE    LESSONS 


R.  DAWSON,  B.A.,  T.  C.  D.,  Head  Ma,ster  High  School,  Belleville. 
I  have  been  very  much  pleased  by  the  introduction  of  "  Swinton'* 
I  at)giiay:e  Lesson's,"  into  the  list  of  Canadian  School  Booi<s.  It  is 
Binicle,  comprehensive,  and  reliable  ;  and  shows  very  elf  arly  how  easily 
the  study  of  grammar  may  be  made  to  go  hand  in  hand  with  the  pnic 
tice  of  Composition,  the  great  end  for  which  grammar  (,ugiit  to  be 
tn light.  We  have  at  last  an  elementary  text  book  which  may  be  cn- 
truHtt  d  into  the  hands  of  the  most  inexperienced  teacher  without  any 
fear  of  its  being  abused. 

JOHN  JOHNSTON,  P.  S.  I.,  South  Hastings. 
I  have  carefully  examined  "  Swinton's  Language  Lessons."  and  am 
convinced  from  what  I  have  seen  of  it,  and  frum  what  I  have  heard  from 
some  of  my  most  exi>erienced  teachers,  that  it  is  by  far  the  best 
Elementary  text  book  on  the  subject  that  has  yet  been  iilaced  within 
reach  of  our  Canadian  children.  The  simultaneous  exercises  in  com- 
])osition  are  an  admirable  feature.  I  shall  recommend  the  book  for  use 
in  all  the  schools  in  my  district. 

J.  M.  PL  ATT,  M.D.,  P.  S.  Inspector,  Picton. 
I  am  greatly  pleased  with  this  little  work.  Our  best  and  most  ex- 
perienced teachers  teach  grammar  to  junior  classes  orally,  afttr  the 
same  fashion.  Young  and  inexperienced  teachers  can  do  as  well  wi'h 
"  Language  Lessons  "  as  the  oldest  and  best  can  do  without  it.  For 
}'U|>i;s  just  entering  upon  this  important  branch,  this  little  book  in 
question  has  no  superior  iu  the  market. 

W.  S.  CLENDENING,  Inspector  East  Bruce,  Wallcerton. 
.  .  .  With  its  valuable  aid  the  teacher  will  find  it  no  difficult 
task  to  make  the  study  of  laiiguage  agreeable  to  even  junior  pujjils.  I 
esteem  it.'^o  highly  that  I  wi'l  use  my  influence  to  vet  it  int  •  the  hands 
of  every  teacher  in  mj  district,  and,  if  authorized,  into  every  school 
likewise. 

ROBERT  MATHFSON,  M.A.,  H.  M.  High  School,  Walkerton. 

.  .  .  Language  Lessons  will  assuredly  prove  a  boon  to  teachers 
of  composition.  1  find  that  for  teaching  English  Grammar  it  issuperior 
to  the  usual  treatises,  as  it  treats  of  Grammar  in  a  practical  manner. 


C.  MOSES,  P.  S.  I.,  County  Haldimand,  Caledonia. 
I  have  carefully  examined  Swinton's  Language  Lessons  for  junior 
classes  and  consider  it  one  of  the  best  yet  published,  being  admiral.'ly 
adapted  for  use  in  our  public  schools. 


OP 

"FLEMING'S  ANALYSIS," 

For  Public   and  High   Schools. 


PRICE,    $1.00. 


FiiEsmsro's  Analysis  has  been  four  years  In  use  in  Albert  Col- 
lege Grammar  School,  and  is  consirlerecl  tiie  most  comprehensive 
and  scientific  sciiool-book  on  the  subject  that  we  have  ever  used. 
I  am  {)leased  to  see  a  Canadian  edition  of  the  work,  as  we  had 
some  difficulty  in  getting  a  svipply  of  the  English  edition  in  1873-4. 
I  consider  the  ojiinion  of  students  who  have  used  it  an  indication' 
of  its  merits,  and  their  verdict  is  unanimously  in  its  favour. 

GEO,  S.  WRIGHT,  Ph.  D., 

Prof,  of  Modern  Literature. 
Albert  College,  May  1,  1870. 


During  the  last  two  or  three  years  I  have  used  Fleming's 
Analysis  in  the  Upper  Forms  of  U.  C.  College,  with  the  most  satis- 
fuctory  results.  It  is  the  best  work  of  the  kind  for  teaching  pur- 
poses with  which  lam  acquainted. 

GEO.  E.  R.  COCKBUEN,  M.A., 

Principal  TJ.  C.  College, 


I  DKEM  it  a  very  valuable  introduction  to  more  extended  works 
on  this  subject. 

R.  A.  FYFE, 
Principal  of  Canadian  Literary  Institute. 


*  *  *  I  AM  convinced  that  fi-om  the  extent  of  ground 
gone  over,  and  the  amount  of  information  contained  iu  it.  and  t;iat 
from  sources  from  which  many  are  precluded,  that  it  will  be  a 
valuable  acquisition  to  students  generally,  and  especially  to  Public 
School  Teachers. 

WM.  TARSIE,  LL.D., 

Gait  Collegiate  Institute, 


*  *  *  I  BEGARD  it  as  a  very  able  and  exhaustive  work. 
The  explanations  of  the  principles  of  English  Grammar  are  clear 
and  simple,  and  ought  to  do  a  great  deal  towards  removing  the 
mysteries  and  difficu'ties  which  some  treatises  have  thrown  around 
this  important  subject.  The  numerous  exercises  which  it  contains 
renders  it  of  great  value  to  teachers. 

JAMES  HUGHES, 

P.  S.  Inspector,  Toronto. 


*  *  *  *  For  High  School  purposes  and  for  use  in  the 
higher  c-asses  of  nxiv  Public  Schools,  Mr.  Fleming's  book  is  unques- 
tioiiably  thj  verj-  best  at  presoiit  avaiUblo.— (iiot^e. 


ENGLISH    GEAMMAE 

BY  C.  P.  MASON,  B.A.,  F.C.P., 

Fellow  of  University  College,  London, 

With  Examination  Papers  by   W.  Houston,    M.A. 
PBIOB    76    GENTS. 


ALEX.  SIM,  M  Jl.,  H.  M.,  H.  S.,  Oakvilla 
Upwards  of  three  years  ago  I  asked  a  grammar  scbool    nnpe'^tot 
in  the  old  couutry  tf)  seud  me  the  best  gramuiar  publi  hec'  thtiVd. 
He  immediately  Bent  me  Mason. 

A.  P.  KNIGHT,  M.A,  H.M.,  Kingston  CoUegiate  Institute. 
Incomparably  the  best  text  book  for  the  senior  classes  of  our 
high  schools  that  has  yet  been  offered  to  the  Canadian  public 

J.  KING.  M,A.,  L.L.D.,  Principal,  Caledonia,  H.  S. 

Mason's  gi-ninmar  will  be  found  a  most  valuable  class-book  "s- 
pecially  for  the  instruction  of  advanced  classes  in  English.  Tho 
chapter  on  the  Analysis  of  difiicult  sentences  is  of  itself  sulficient 
to  place  the  work  far  beyond  any  English  grammar  hitherto  be- 
fore the  Canadian  pubhc 

UICHARD  LEWIS,  H.  M.,  Dufferin  School  Toronto. 
i^8  a  philosophical  treatise  its  discussion  of  doubtful  points  and 
Its  excellent  methods  and  definitions  cannot  fail  to  rrive  it  a  high 
rank  in* the  estimation  of  the  bt^st  judges  of  such  works— the  school 
teachers  of  the  couati-y.  It  has  reached  a  twenty-first  edition  in 
England  and  I  have  no  doubt  it  wiU  meet  with  the  same  high  ap- 
preciation  in  this  Province. 

JOHN  SHAW,  H.  M.,  H.  8.,  Omemee. 
*  ♦  *  Masou'sGrammaris  just  such  abookasmany  teachers 
have  been  hoping  to  see  introduced  into  oiu*  schools,  its  method 
being  to  teach  the  subject  by  explanation,  detinition  and  abun- 
dant illustrations  without  stereotyped  rules  thereby  making  tho 
study  even  attractive. 

D.  C.MacHENRY,  B.  a.,  H.  M.,  Coboiu-g  Col.  Institute. 
It  is  an  excellent  and  reliable  work.    It  will  be  well  received  by 
teadhera  and  advanced  pupils. 

JOHN  JOHNSTON,  P.  S.  I.,  Bolle\ille  and. South  Hastings. 
Of  aU  the  grammars  that  1  have  seen,  I  consider  Mason's  the 
best. 

J.  MORIIISON,  M.A.,  M.D.,  Head  Master,  High  School,  Newmarket. 
I  have  ordered  it  to  be  used  in  this  school.    I  consider  it  by  far 


the  best  English  grammar  for  high  school  puriioses  that  has  yet 
•ippearod.    With  "Mason"  and  "Fleming''  nothing 
M I  be  deaired. 


MASON' S   GRAMMAR. 

JAMES  TURNBULL,  B.A.,  Principal,  High  School,  Clinton. 

•  ♦  ♦  The  more  I  examine  it  the  better  I  like  it.  The  num 
croua  foot  notes,  the  appendices  on  derivation,  and  the  examin- 
ation questions,  are  very  valuable,  and  enhance  its  usefulness. 
♦  ♦  *  The  book  should  have  a  place  in  the  library  of  every 
lover  of  EngUsh. 

JOHN  MACOUN,  M.  A.,  Head  Master  of  Albert  College  Grammar 
School,  Prof,  of  Botany,  &c. 

♦  ♦  ♦  The  appendix  alone  to  senior  pupils  and  teachers  of 
Atili  grades  is  worth  more  than  the  cost  of  the  book  as  it  contains 
that  which  cannot  be  ignored  either  in  the  teaching  or  study  of 
modem  EngUsh. 

WM.  MACKINTOSH,  P.  S.  Inspector,  N.  Hastings. 

♦  *  ♦  For  teachera  and  the  members  of  their  advanced 
olosses  it  has  no  equal. 

REV.  A.  McCOLL,  P.  S.  Inspector,  Chatham. 

*  *  *  It  is  a  work  that  only  requires  to  be  known,  to  render 
It  an  essential  to  every  advanced  student  in  the  country. 

A.  MoCULLOCH,  M.A.,  H.  M.  Drummond\Tlle  H.  S. 

I  consider  it  an  excellent  work  on  the  subject— especially  in 
Etymology. 

J.  S.  CARSON,  Strathroy.,  H.  S. 
Many  diflScult  constructions  are  made  clear  and  the  whole  wort 
gives  evidence  of  careful  prepai*ation. 

GEORGE  WALLACE,  B.A.,  H.M.  High  School,  Weston, 
Mason's  English  Grammar  is  worthy  of  a  good  position  among 
the  best  text  books  on  the  subject. 

ALEX.  D.  CRUICKSHANK,  H.  M.,  High  School,  Vankleekhill. 
It  is  exactly  the  book  to  be  read  for  the  intermediate  and  second 
class  certihcates. 

W.  A.  WHITURT,  M.  A.,  Head  Master,  Iroquois  H.  S. 
I  consider  it  the  bight  book  for  our  advanced  high  School  claa«e8 

GEO,  H.  ROBINSON,  M.A.,  H.  M.,  High  School,  Whitby. 

*  *  *  I  feel  that  if  I  succeeded  in  taking  a  pupil  carefully 
through  the  work  that  he  would  have  a  first-rate  knowledge  of 
English. 

P.  C.  MCGREGOR,  B.A.,  Head  Master.  H.  S.  Almonte. 
I  consider  it  one  of  the  best  works  pubUshed  on  the  subject 

D.  H.  HUNT,  H.  S.  Waterdown. 
It  is  an  excellent  book  of  reference  or  text  book  for  senior  claasea 
In  our  high  schools. 


iHilltr  &  ®o/j5  Siucatiomil  Scries. 

HAMBLIN  SMITH'S 

MATHEMATICAL  WORKS, 

ARE  USED  ALMOST  EXCLUSIVELY 

In  the  Normal  and  Model  Schools,  Toronto ; 
Upper  Canada  College  :  Hamilton  and 
Brantford  Collegiate  Institutes  ;  Bow- 
man ville,  Berlin,  Belleville,  and  a  large 
number  of  leading  High  Schools  in  the 
Province. 


HAMBLIN    SMITH'S    ALGEBRA, 

With  Appendix,  by  Alfred  Baker,  B.A.,  Mathematical  Tutor,  Univer 
eity  College,  Toronto.     Price,  90  cents. 

THOMAS  KIRKLAND,  M.A.,  Science  Master,  Normal  School. 

"  It  is  the  text-book  on  AlgeTjra  for  candidates  for  second-class 
ceitificates,  and  for  the  Intermediate  Examination.  Not  the  least 
valuable  part  of  it  is  the  ^^ppendix  by  Mr.  Baker." 

•  GEO.  DICKSON,  R.A.,  Head  Master,  Collegiate  Institute,  Hamilton. 
"  Arrangement  of  subjects  good  ;  explanations  and  proofs  exhaus- 
tive, concise  and  clear ;  examples,  for  the  most  part  from  University 
and  College  Examination  Papers,  are  numerous,  easy  and  progressive. 
There  is  no  better  Algebra  in  use  in  our  High  Schools  and  Collegiate 
Institutes." 

WM.   R.   RIDDELL,  B.A.,  B.Sc,  Mathematical  Master,  Norma) 
School,  Ottawa. 

"  The  Algebra  is  admirable,  and  well  adapted  as*^  a  general  text- 
book." 

W.  E.  TILLEY,  B.A.,  Mathematical  Master,  Bowmanville  High  School. 

"  I  look  on  the  Algebra  as  decidedly  the  best  Elementary  Work  on 
the  subject  we  have.  The  examiiles  are  excellent  and  well  arrangei'. 
The  explanations  are  easily  understood. 


R.  DAWSON,  B.A.,  T.C.D.,  Head  Master,  High  School,  Belleville. 
"With  Mr  Baker's  admirable  Appendix,  there  would  seem  to  be 
nothing  left  to  be  desired.  We  have  now  a  first  class  book,  well 
adapted  in  all  respects  to  the  wants  of  pupils  of  all  grades,  from  the 
begitmer  in  our  Public  Schools  to  the  most  advanced  student  in  our 
Collegiate  Institutes  and  Hi<;h  Schools.  Its  publication  is  a  great  boon 
to  the  over-worked  mathematical  teachers  of  the  Province 


ELEMENTARY    STATICS, 

BY 

THOMAS  KIRKLAND,  M.A., 
Science   Master,   Noimai   School,  Toronto. 


PRIOE    ^l.OO, 


W.  R.  RiDDELL,  B.A.,  B.Sc,  Mathematical  Master,  Ottawa  Normal 
School. 
"  From  a  careful  examination  of  it  I  think  it  will  be  of  great  use  to 
those  preparing  for  the  examinations  of  the  Central  Board. 


Geo.  Baptib,  M.A.,  M.B.,  Science  Master,  Ottawa  Normal  School. 

"  It  supplies  a  great  want  felt  by  those  preparing  for  Teachers' 
Certiflcat-es.  This — did  it  possess  no  other  merits— should  make  it  a 
great  success.  It  is  by  far  the  best  text  book  on  the  subject  for  the 
schools  of  Ontario  I  have  seen." 


©BO.  H.  Robinson,  M.A.,  Head  Master,  Whitby  High  School. 

"It  is  the  work  of  one  of  the  most  successful  teachers  in  the 
Dominion,  and  «very  page  bears  evidence  that  it  is  no  hasty  compila- 
tion, but  the  Irnit  of  matured  thought  and  experience." 


C.  J.  MAcaREaoR,  M.A.,  Principal  High  School,  Stratford. 

"  In  the  Statics,  the  treatment  of  the  subject  is  at  once  elementary, 
and  rigid  enough  to  lay  the  foundation  of  accuracy  in  the  further 
proscCTition  of  the  science." 


D.  C.  McHenry,  B.A.,  Collegidte  Institute,  Cdbourg. 

"  Among  the  valuable  text  books  you  have  recently  published,  none 
is  more  timely  than  your  '  Elementary  Statics.'  A  work  of  the  kind  was 
greatly  needed,  especially  by  High  School  Teachers  ;  and  it  is  likely  to 
meet  with  very  general  favour." 


J.  W.  Connor,  M,A.,  High  School,  Berlin. 

""i&T.  Kirkland  has  placed  the  teachers  of  Ontario  under  great 
obligations  by  publishing  his  excellent  little  work.  The  arrangement 
and  clearnesH  of  tUe  '  Book  work,'  and  the  admirable  selection  of  pr  >- 
blems,  wouW  of  themselves  place  the  book  in  the  first  rank  of  elemen- 
tary treatise  ;  but,  above  all,  one  can  trace  in  every  page  the  result  of 
the  author 'ji  practical  experience  in  teaching  the  subject." 


BEATTY  &  CLARE'S 

BOOK-KEEPING; 

A  Treatise  on  Single  and   Double  Entry  Book-keeping, 

FOR  USE  IN  HIGH  AND  PUBLIC  SCHOOLS, 

By  S,  G.  Beatty,  Principal  Ontario  Commercial  College,  Belle- 

viile,  and  Samuel  Clare,  Book  Keeping  and  Writing 

Master,  Normal  Sctiool,  Toronto. 

PRICE    70    CENTS. 


T.  O.  STEEL,  Inspector,  P.  S.  Co.,  Prescott. 
...     I  consider  "Beatty  &  Clare's  Book-keeping'"  plain  and 
dmple,  yet  sufficiently  comprehensive  for  all  practical  purposes,  and 
especially  fitted  for  a  school  text  book. 


WM.  TASSEE,  LL.D.,  H.  M.,  Gait  Col.  Institute. 
.    .    .    Simple,  clear,  devoid   of  confusing  definitions  and  very 
practical  throughout. 

J.  W.  CONNOR,  B.A.,  H.  M.,  H.  S.,  Berlin. 
...    I  consider  it  the  best  elementary  work  un  the  subject  that 
I  have  yet  seen. 


D.  C    McHENRY,  M.A.,  Principal  Cobourg  Collegiate  Institute. 
I  consider  Beatty  &  Clare's  Book-keeping  an  excellent  text  book. 


A.  YOUNG,  Principal  of  Berlin,  C.  S. 
The  work  on  Book-keeping  by  Beatty  &  Clare  is  the  best  that  I 


JOHN  WILSON,  Math.  Master.  Port  Hope  H.  S. 
.     .     .    1  feel  safe   in  recommending   the    work    to   my   fellow 
teachers  throughout  the   Province,  as  one  well  adapted  to   ensure 
thoroughness  in  the  art  of  Book-keeping. 


HUGH  J.  STRANG,  B.A.,  H.  M.,  H.  S.,  Goderich. 
.     .     .     Its  elucidation  of  the  subject  beinpr  c'ear  and  adequate,  the 
work  w'll  prove  a  valuable  aid  to  all  who  may  wish  to  make  themselves 
thoroughly  acquainted  with  the  principles  of  Book-keeping. 


J.  S.  CARSON,  Inspector,  Middlesex. 
.    .     .     I  am  a  sured  from  an  examination  that  it  is  superior  to 
fcny  other  work  for  our  (Jaaadiaii  Scuools. 


BEATTY  AND  CLARK'S  BOOK-KEEPING. 

GEORGE  BLAIR,  I.  P.  S.  Grenville  County. 

*  *    *    I  consider  it  the  best  introduction  to  Book-keeping 
I  have  yet  seen, 

A.  CARLYLE,  B.  A.   H.  M.„  Port  Rowan.  H.  S. 

•  •    ♦    I  consider  it  by  far  the  best  text-book  on  the  subject 
that  I  have  yet  seen. 

JAMES  McBRIEN,  L  P.   8.  Co.,  Ont. 

The  method  of  instruction  adopted  by  the  authors  is  simpla 
natural,  and  philosophical. 


GEO.  A.  SOMERVILLB,  Teacher  of  Book-keeping,  Guelph,  H.  S. 

♦  *  *  Candidates  for  teachers'  certificates  mil  find  this 
book  superior  to  any  other  on  the  subject  at  present  before  the 
publio. 

JOHN  SHAW,  H.  M.,  H.  S..  Omemee. 

Of  the  many  elementary  works  oa  Book-keeping  which  have 
found  their  way  into  the  school  room  during  my  twenty  years' 
career  as  a  master,  I  believe  Beatty  &  Clare's  will  prove  the 
most  valuable  to  both  teacher  and  pupil.  It's  analytic  method 
and  its  short,  simple  and  comprehensive  "  sets"  are  admirably 
calculated  to  fill  a  want  long  felt  in  our  schools. 

JOHN  JOHNSTON,  P.  S.  Inspector  Belleville  and  S.  Hastings. 

♦  ♦  ♦  I  consider  it  the  best  work  on  the  subject  I  have  yet 
seec  and  well  adapted  for  all  kinds  of  schools. 

P.  C.  MCGREGOR,  B.  A.,  H.  M.,  Almonte,  H.  S. 

♦  *  *  It  is  very  practical  and  analytical  and  the  principles 
of  both  single  and  double  entry  are  thoroughly  explained. 


M.  MoPHERSON,  M.  A.,  H,  M.,  Prescott,  H.  S, 
I  have  submitted  Beatty  &  Clare's  Book-keeping  to  two 
practical  Book-keepers,  who  are  also  teachers  and  they  speak  of 
it  in  very  high  terms.  After  a  careful  examination  of  the 
principles  and  details  of  this  work,  I  can  fully  recommend  it  as 
a  very  suitable  text  book  for  our  High  Schools . 

W.  H.  TAMBLYN.  M.  A.,  H.  M.,  H.  S.,  Oshawa. 
*  ♦  ♦  I  can  heartily  recommend  Beatty  &  Clare's  Book- 
keeping for  the  following  reasons  :— the  definitions  and  explana- 
tions of  the  use  of  the  various  books  are  very  clear,  the  reasons 
for  diflerent  steps  are  well  shown ;  the  order  of  closing  ledger 
a'^counts,  the  different  forms  of  "  Trial  Balance  "  and  directions 
for  the  detection  and  correction  of  errors  in  it  and  in  the  several 
books  used,  are  very  good,  indeed,  while  the  Revi«jw  Questions  at 
the  end  of  each  set  are  very  valuable  to  the  student. 


WM.  WILLIAMS,  B.  A.,  Head  Master,  Collingwood  H.  S. 
*    *    *    It  is  the  most  suitable  work  on  the  subject,  for  ou* 
Canadian  Schools  that  I  have  yet  seen. 


HOW  TO  BEAD; 

A  DEILL  BOOK, 
For  Correct  and  Expressive  Reading. 

ADAPTED  FOR  THE  USE  OF  SCHOOLS. 

By  Richard  Lewis,  Teacher  of  Elocution,  Author  of  "Dominion 
Elocutionist,"  &c. 


PRICE     75     CENTS 


J.  M.  PLATT,  M.D.,  P.  S.  Inspector,  Picton  Ont. 

♦  *  *  Lewis' "  How  to  Head,"  is  one  of  the  finest  little  booka 
ever  introdnced  into  our  Canadian  Schools.  No  efficient  teacher 
will  fail  to  have  his  senior  classes  supphed  with  the  work  at  onoe. 

J.MORRISON,  M.A.,  M.D.,  H.  M.  High  School,  Newmarket. 

Such  a  book  was  wanted  and  I  am  glad  that  the  want  has  been 
supplied  by  an  Elocutionist  of  some  note,  I  have  adopted  it  for 
our  juiior  classes. 

JOHN  SHAW,  Head  Master  High  School,  Omemee. 

•  •  *  I  am  pleased  with  it  and  shall  certainly  introduce  it  at 
the  earliest  opportunity.  The  pablication  cannot  but  be  profit- 
able to  teacher  and  pupil  alike. 

B.  N.  RODGERS,  Inspector  of  P.  Schools,  Collingwood, 

*  *  *  We  hope  this  book  will  be  bought  by  every  teacher, 
and  introduced  into  every  school.  We  firmly  beUeve,  that  no  timt» 
could  be  better  spent,  than  in  learning  the  simple  principles  it  lays 
down  and  practicing  the  suggestions  it  gives  for  attaining  a  style  of 
reading  both  pleasing  and  effective. 

E.  M.  BIGG.  M.  A, 

•  *    •    I  wish  it  could  be  introduced  into  every  school.    No- 

THINO  IS  so  MUCH  NEEDED  IN  OUR  SCHOOLS  AS  SUCH  A  WORK. 

JOHN  MACOUN,  M.A.,  Head  Master  of  Albert  College  Grammar 
School,  Prof,  of  Botany  &c. 

*  ♦  *  I  most  tmhesitatingly  recommend  Lkwis'  How  to 
Bead  to  be  immediately  introduced  into  aU  our  schools  and  that 
teachers  compel  pupils  in  the  higher  classes  to  obtain  it,  and  in- 
struct them  in  the  use  of  it  every  day. 

J.  MILLER,  B.A..  H.  M.  High  School,, St.  Thomas. 

•  ♦  •  It  will  create  greater  interest  in  a  subject  that  BhouliJ 
receive  more  attention 


HOW   TO   READ — LEWIS 

P.  A.  8WITZER,  M.A.,  H.  M.  OakviUe  H.  S. 

Our  schools  have  long  felt  the  want  of  a  practical  work  ot 
teaching  how  to  read.  Lewis'  "  How  to  Bead,"  from  its  excel 
lence  will  soon  be  in  every  schoul. 

JAMES  TURNBULL  B.A.,  Principal,  ffigh  School,  Clinton. 

*  *  *  The  whole  work  is  well  adapted  to  make  intelleotnal 
readers,  but  the  examination  questions  and  the  selections  deserve 
Bpecial  mention  as  without  these  the  book  would  be  incomplete. 
Every  teacher  of  reading  ought  to  have  this  work  thoroughly 
mastered. 

JOHN  JOHNSTON.  P.  S.  Inspector,  Belleville  and  South  Hastings. 

This  work  will  do  much  to  prepare  teachers  for  giving  instruc- 
tion in  this  very  badly  taught  8i*)ject,  and  wiU  be  of  great  use  to 
private  students,  and  classes  in  High  and  Public  Schools. 

J.  ARTHUR  HOUSTON,  Head  Master  Hawkesbury  High  School. 

*  *  *  I  have  examined  "How  to  Read"  very  carefully  and 
am  very  much  pleased  with  it.  The  effort  made  to  reduce  reading 
to  a  science  is  one  with  which  I  heartily  sympathize  The  book 
win  well  repay  a  perusal  by  either  teacher  or  pupU.  The  binding 
and  printing  is  far  beyond  what  is  generally  found  in  school  books. 

H.  M.  HICKS,  M.  A.,  H.  M.  Trenton  H.  S. 

*  *  •  Lbwib'  How  TO  Rbad  lays  down  in  a  clear  and  con- 
cise way  the  principles  upon  wlilch  depend  the  development  and 
improvement  of  the  vocal  organs,  gives  all  the  rules  for  expressive 
reading  that  con  be  used  with  advantage  and  ends  with  some  very 
f excellently  marked  selections.  The  examination  questions  ore  an 
important  addition  and  are  very  suggestive. 

REV.  GEO.  BLAIR,  M.A.,  L  P.  S,  Grenville  Co. 

*  *  ♦  Mr.  Lewis'  work  Is  not  only  rich  in  valuable  Instruc- 
tions, but  contains  also  some  of  the  best  Illustrative  pieces  in  the 
English  language. 

D.  H.  HUNT,  Head  Master  H.  B.  Waterdo  wn,  Ont. 

*  *  *  Is  an  excellent  work,  and  'will  greatly  aid  in  teach- 
ing reading. 

J.  H.JOHNSTON,  M.A,,  H.  M.  Thorold,  High  School. 
The  work  is  a  valuable  addition  to  th«  text  books  of  the  period 
ftnd  supplies  an  acknowledged  want. 


COMPOSITION 

EXEECISE    BOOKS, 

m  THEEE  NUMBEKS. 

By  James  Hughes,  Inspector  of  Public  Schools,  Toronto. 


NOS.  1  &  2, 10  CENTS  EACH.  No.  3, 20  CENTS. 


THOMAS  HENDERSON,  Inspector  of  Public  Schools,  Paris 

*  *  *  Am  pleased  with  their  adoption  in  schools  under  my 
Inspection. 

A.  ANDREWS,  Head  Master,  H.  S.,  Niagara 

*  *  ♦  Have  used  your  Composition  Exercise  Books  for  some 
weeks,  and  find  them  just  the  thing  desired  for  inducing  a  careful 
painstaking  style.  My  pupils  take  great  pride  in  writing  the  first 
copy  so  well  that  they  sliall  not  require  correction  and  consequent 
re-writing.  The  prominence  given  to  the  corrections  drives  them 
to  study  closely  the  rules  for  pimctuatiou  and  the  principles  Uiat 
govern  the  structure  of  the  Enghsh  language. 

DONALD  J.  McKINNON,  Insp.  Public  Schools,  Brampix>n. 

*  ♦  ♦  To  those  who  desu'e  to  teach  Composition  systemati- 
cally, I  can  confidently  recommend  Hughes'  Cfomposition  Books, 
No.  3  for  Senior  pupils  and  Nos.  1  and  2  for  Juniors. 

A.  P.  KNIGHT,  M.  A,,  Recto-  Kingston  CoUegiate  Institute. 

After  carefuUy  looking  over  Hughes'  Exercise  Books  on  English 
Composition,  I  have  decided  to  use  it  in  the  Junior  Forms  of  the 
Institute  just  as  soon  as  the  booksellers  here  can  furnish  ub  with 
a  supply  of  the  same. 

J.  M.  PLATT,  M.D.,  P.  S.  Inspector,  Town  of  Picton. 
An  examiaation  of  Hughes'  Complete  Composition  Exercise 
Books,  makes  me  almost  envy  the  Teachers  and  Students  of  the 
present.  The  progress  in  the  science  of  teaching  and  the  various 
inventions  to  facUitate  the  imparting  of  instruction  to  the  young 
cannot  fail  to  be  gratifying  to  all  who  recogniiie  the  education  of 
the  youth  of  the  land  as  the  hope  and  glory  of  the  future.  EnoUsh 
Composition  is,  to  the  youthful  mind,  the  pons  asinokum  of  hter- 
ary  piursuits;  and  no  single  subject  has  given  so  much  trouble  to 
Instructors.  Your  Composition  Books  make  pleasant  and  easy, 
what  has  heretofore  been  vexatious  and  difiacidt.  No  school  can 
be  said  to  be  properly  equipped  without  them.  Every  teacher 
must  exclaim  when  he  sees  mem,  "just  what  we  want." 

J.  B.  SOMERSET,  P.  S.  Inspector,  Co.  Lincoln. 

*  *    -^    It  will  be  a  much  needed  help  to  the  teaching  of  Com 
position  lu  our  Schools. 


HUGHES'  COMPLETE  COMPOSITION  EXERCISE  BOOKS. 

W.  FERGUSON.  Inspector,  South  Grey. 
I  have  examined  "  Hughes '  Complete  Composition  Books," 
with  much  attention,  and  have  no  hesitation  in  recommending 
their  use  in  my  schools.  For  Senior  classes,  the  No.  3  will  be  found 
not  only  useful  but  invaluable. 

D.  McDIARMID,  M.D.,  Inspector,  Glengarry. 

*  *  *  A  want  is  now  supplied  by  Hughes'  Complete  Ex. 
ercise  Book,  No.  3,  which  should  be  mtroduced  into  all  good 
schools.  

JOHN  J.  TILLEY,  Insp'r  P.S.,  Durham  Co. 
I  believe  Teachers  will  find  Hughes'  Exercise  Book  No.   3,  a 
very  useful  assistant  in  teaching  Composition. 

A.  SMTRLE,  Head  Master  Central  School  East,  Ottawa. 

*  *  *  I  believe  that  monthly  exercises,  conducted  in  accord 
with  Mr.  Hughes'  method,  will  be  lound  much  more  profitable  to 
the  pupil,  than  weekly  exercises,  executed  in  the  loose  and  careless 
manner  so  prevalent,  with  even  oxa  best  teachers,  while  dealing 
with  the  subject  of  Composition. 

T.  O.  STEELE,  Inspector,  P.  S.,  L'OrignaL 

*  *  *  Consider  it  just  the  thing  needed  in  our  sctiools,  as  it 
contains  aU  the  essential  instructions  on  composition  at  a  trifling 
cost,  thereby  saving  the  expense  of  large  works.  I  believe  that  its 
introduction  into  our  schools  would  be  beneficial  to  both  pupUa 
and  teachers  and  I  shall  most  heartily  recommend  it  throughout 
my  district. 

rn.  GIRARDOT,  Inspector,  P.  B.,  North  Essex. 

*  *  ♦  After  a  careful  examination  of  Mr.  Hughes'  complete 
Composition  Exercise  Books,  I  find  that  they  will  supply  a  want 
long  lelt  in  our  schools. 

Rev.  J.  MAY,M.A.,  Inspector,  P.  S.,  Co.  Carleton. 

*  *  ♦  I  have  no  hesitation  in  saying  that,  I  beUeve  it  will 
prove  extremely  useful  in  the  schools  of  the  province. 

GEO.  W.  ROSS,  M.P.,  Inspector  Div.  No.  1,  Lambton. 

*  ♦  *  I  approve  very  cordially  of  Mr.  Hughes'  scheme  and 
feel  quite  sure  that  his  practical  and  concise  way  of  graduating 
this  very  important  branch  of  school  exercises,  will  prove  a  very 
valuable  assistance  to  our  teachers  in  presenting  the  subject  in- 
telligently to  their  pupils.  I  would  be  very  glad  to  see  it  introduc- 
ed into  all  oxir  pubhc  schools. 

Rev.  G.  Bell,  BA.,  LX.D.,  Public  School  Inspector,  Walkerton. 

"  Hughes'  Complete  Composition  Exercise  Book,  No.  3." 
The  rules  given  for  language,  construction  of  sentences,  variety 
of  expressions,  punctuation,  &c.,  are  short,  pointed,  clear  and  easily 
applied,  so  as  to  be  very  useful  to  the  pupils.  A  system  of  correct- 
ing errors  has  been  adopted  which  is  both  convenient  and  efiective. 
The  arrangement  of  the  blank  pages  is  aU  that  can  be  desired  for 
carrying  out  the  rules.  The  books  of  the  series  are  made  of  good 
paper,  well  got  Tip,  and  very  cheap;  and  their  general  adoption 
wiU  be  a  great  benefit  to  both  teachers  and  pupils. 
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By  J.   A.    McLellan,    LL.D,,   Inspector  High   Schools,   and 

Thos.  KiRKLAND,  M.A.,  Science  Master,  Normal  School, 

Toronto.        Second  Edition. 

PRICE    $1.00. 


From  the  GUELPH  MERCURY. 

.  .  .  The  work  is  divided  into  six  chapters.  The  first  is  on  the 
Unitary  Method,  and  ^ves  solutions  showing  its  appUcation  to  a 
variety  of  problems,  in  Simple  and  Compound  Proportion ;  Percentage, 
Interest,  Discount,  Profit  and  Loss  ;  Proportional  Parts,  Partnership; 
Chain  Rule,  Exchange,  Alligation ;  Commission,  Insurance.  &c.. 
Stocks ;  and  Miscellaneous  Problems.  The  second  is  on  Elementary 
Rules,  Measures  and  Multiples,  Vulgar  and  Decimal  Fractions.  The 
third  contains  Examination  Papers  for  entrance  into  High  Schools  and 
Collegiate  Institutes,  the  fourth  for  candidates  for  third-class  certifi- 
cites,  the  fifth  for  candidates  for  the  Intermediate  Examination  and 
second-class  certificates,  and  the  sixth  for  candidates  for  third-class 
certificates  and  University  Honours.  It  will  be  observed  that  the  work 
begins  with  the  fundamental  rules— those  principles  to  be  acquired 
when  a  pupil  first  enters  upon  the  study  of  Arithmetic,  and  carries 
him  forward  till  prepared  for  the  highest  class  of  certificates  and  for 
Honours  of  the  University.  .  .  .  Teachers  will  find  in  it  a  necessary 
help  in  supplying  questions  to  give  their  classes.  Those  who  aspire  to 
be  teachers  cannot  have  a  better  guide — indeed  there  is  not  so  good  a 
one — on  the  subject  with  which  it  is  occupied. 

From  the  ADVERTISES. 

...  By  all  who  are  groping  after  some  method  better  than 
they  have  at  present,  this  volume  will  be  cordially  welcomed,  and 
many  who  have  never  suspected  the  possibility  of  accomplishing  so 
much  by  independent  methods,  will  be,  by  a  perusal  of  the  uitroduc- 
tory  chapter,  impelled  to  think  for  themselves,  and  enabled  to  teach 
their  pupils  how  to  do  so.  .  .  -  It  is  far  superior  to  anything  of  the 
kind  ever  introduced  into  this  country.  .  .  .  The  typographical 
ai>pearance  of  the  work  is  of  a  very  high  character— quite  equal,  in 
fact,  to  anything  of  the  kind  issued  by  the  best  publishing  houses  o£ 
London  or  New  York. 


From  the  TELESCOPE. 

.  .  .  The  plan  of  the  work  is  excellent,  the  exercises  being 
arranged  progressively,  each  series  preparing  the  student  for  the  next, 
Tho  problems  are  all  original,  and  so  constructed  as  to  prevent  the 
student  using  any  purely  mechanical  methods  of  solution.  .  .  .  We 
should  really  feel  proud  of  our  Canadian  Authors  and  publishing 
houses,  when  we  consider  the  infancy  of  our  country  and  the  progiess 
it  has  made  and  is  making  in  educational  matters,  and  particularly  in 
the  recently  published  educational  woiks. 
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